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INVESTIGATION OF WARM-AIR FURNACES
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PART IV
I. GENERAL STATEMENT CONCERNING THE INVESTIGATION
1. The Co6perative Agreement.-This bulletin is the sixth to be
published under the present co5perative agreement* between the
National Warm-air Heating and Ventilating Associationt and the
University of Illinois for an investigation of warm-air furnaces and
furnace heating systems. The agreement was formally approved in
August, 1918, and the research work was begun in October of that year.
Under the terms of this agreement a very extensive study of furnace
heating problems has been made, using first an experimental plant
with auxiliary equipment in the laboratory, and later a typical mod-
ern residence erected by the Association for the express purpose of
correlating and extending the work in the laboratory to the condi-
tions of actual installation.
The co6perating association has been represented by an Advisory
Committee, the personnel of which changes somewhat from year to
year. Since April 1, 1924, the following members of the Association
have served on this committee:
C. M. LYMAN, Chairman, International Heater Company,
Utica, New York.
E. S. MONCRIEF, Henry Furnace Company, Cleveland, Ohio.
F. W. PHELPS, Moore Bros. Company, Joliet, Illinois.
R. W. MENK, Excelsior Steel Furnace Company, Chicago,
Illinois.
E. F. GLORE, Abram Cox Stove Company, Philadelphia, Penn-
sylvania.
E. B. LANGENBERG, Langenberg Manufacturing Company, St.
Louis, Missouri.
J. F. FIRESTONE, Beckwith Company, Dowagiac, Michigan.
W. S. MILLIS, Security Stove and Range Company, Kansas
City, Missouri.
V. W. CHERVEN, Holland Furnace Company, Holland, Michigan.
W. GUNTON, Success Heater Company, Des Moines, Iowa.
*"Report of Progress in Warm-air Furnace Research," Univ. of Ill. Eng. Exp. Sta.
Bul. 112, Appendix II, pp. 61-63, 1919.
tSince April, 1928, this Association has been known as the National Warm-air Heating
Association.
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The present organization of the committee is as follows:
C. M. LYMAN, Chairman, Utica, New York.
J. F. FIRESTONE, Dowagiac, Michigan.
L. W. MILLIS, Kansas City, Missouri.*
V. W. CHERVEN, Holland, Michigan.
W. GuNTON, Des Moines, Iowa.
It is the function of this committee to propose such problems for
investigation as are of the greatest interest to the manufacturers and
installers of warm-air furnaces and heating systems. Of these prob-
lems, the Engineering Experiment Station staff selects for study those
which can best be investigated with the facilities and equipment avail-
able at the University. The co6perating association provides funds
for defraying a major part of the expense of this research work.
A number of publications have already been issued by the En-
gineering Experiment Station dealing with the results of this work.
They are as follows: Bulletin No. 112 entitled "Report of Progress
in Warm-air Furnace Research"; Bulletin No. 117 entitled "Emis-
sivity of Heat from Various Surfaces"; Bulletin No. 120 entitled "In-
vestigation of Warm-air Furnaces and Heating Systems"; Bulletin
No. 141 entitled "Investigation of Warmair Furnaces and Heating
Systems, Part II"; Bulletin No. 188 entitled "Investigation of Warm-
air Furnaces and Heating Systems, Part III"; and Circular No. 15
entitled "The Warm-air Heating Research Residence in Zero
Weather."
In addition to these publications of the Station, a number of papers
on Warm-air Furnace Heating have been prepared by the research
staff and presented before, and published in the Transactions of,
the American Society of Heating and Ventilating Engineers. These
papers have appeared almost yearly in the Society's Transactions since
the beginning of the investigation.
The present bulletin deals entirely with the work accomplished in
the Research Residence since it was completed and dedicated on De-
cember 2, 1924. Little reference has been made to material contained
in earlier bulletins, or even to Circular 15, which discussed the per-
formance of the Research Residence for a short period during zero
weather. The data herein presented are of first importance to the
designers, installers, and owners of such heating systems, covering
as they do the performance of these systems under all the weather
conditions encountered during the heating season.
*Resigned and vacancy filled by George Harms, Peoria, Illinois.
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2. Objects of Investigation.-The principal objects for which the
investigation was undertaken may be briefly stated as follows:
(1) To determine the efficiency and capacity of commercial
warm-air furnaces under conditions similar to those existing in
actual installations, with leaders, stacks, and registers, to form
a complete system. Both piped and pipeless furnaces are included
under this heading.
(2) To determine satisfactory and simple methods for rating
furnaces so that the proper size and type of furnace can be defi-
nitely selected for the service required.
(3) To determine methods of increasing the efficiency and
capacity of furnace heating equipment, and the advantages or
desirability of certain types of design.
(4) To determine the heat losses in furnace heating systems
and the value of insulating materials as affecting the economy
of the furnace, or of the leaders and stacks, and finally of the
system as a whole.
(5) To determine the proper sizes and proportions of leaders,
stacks, and registers supplying air to first, second, and third floors.
Under the heading has also been included the study of types and
sizes of furnaces.
(6) To determine the friction losses in cold-air or recirculating
ducts and registers, and the proper size, proportions, and arrange-
ment or location of the ducts and registers.
(7) Eventually, to make a study and comparison of outside
and inside air circulation as affecting the economy and operation
of furnace systems.
In order to correlate the results of tests of furnaces and heating
systems made in the laboratory with the results obtained on the same
furnaces and equipment under actual house conditions, a modern
three-story furnace-heated residence has been erected by the Associa-
tion and equipped for testing at an expense of $25,000.
In addition to the correlation of data obtained under laboratory
and actual conditions, there are many factors affecting the perform-
ance of a furnace heating system which cannot be adequately investi-
gated in the laboratory. Such factors are:
(1) The effect of wind.
(2) The relative value of inside and outside air supply.
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(3) The significance of and the proper percentage of relative
humidity in the house.
(4) The variation of air temperatures from floor to ceiling in
actual rooms with different air temperatures at the registers.
(5) The proper location of the furnace with respect to center
of basement.
(6) The relative value of return ducts above floor compared
with ducts placed below basement floor.
(7) The proper location and number of recirculating registers.
(8) The proper location of warm-air inlet registers.
(9) The effect of various installation details on operation of
wall stacks to upper floors.
(10) The effect of various installation details on operation
of basement pipes.
(11) The relative value of inside as compared with outside
chimneys.
(12) The importance of constant temperature both day and
night.
(13) The problem of the remote room or the room with three
sides exposed.
(14) The proper installation for a sun porch.
In addition to these, the original objects of the investigation, there
has been added the investigation of ordinary gravity-type furnaces
operating with small motor-driven fan units.
3. Discussion of Problem and Methods Employed.-It should be
noted at the outset of this discussion that the fundamental ideas in-
volved in the methods used in this investigation, as well as the furnace
plant itself and its essential features, were developed and put into
operation by the Department of Mechanical Engineering of the Uni-
versity of Illinois in the spring of 1918. This preliminary work soon
developed the fact that very little could be accomplished in the in-
vestigation of warm-air furnaces and furnace systems unless the fur-
naces were operated under the natural gravity-flow conditions which
exist in actual installations. The research aspects of the problem then
became very definite, and may be briefly stated under two general
heads:
(a) The exact measurement of large quantities of air, flowing
at very low velocities, under extremely small heads, but at atmos-
pheric pressure and usually at high temperature. This measure-
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ment, moreover, must be made just as the air enters or leaves a
register face, and, in piped furnace work, at a number of widely
separated register faces.
(b) The exact measurement of the temperature of air flowing
over hot metallic surfaces at points where the temperature meas-
uring element is in fairly close proximity to the hot surface. At
the same time additional air-temperature readings must be taken
simultaneously at many points.
These two problems have occupied the research staff almost con-
stantly since the work was begun. The first problem has been solved
by an indirect method, using anemometers which are calibrated either
under operating conditions in an air weighing plant or against a stand-
ard orifice. A complete discussion of these two problems and the
methods used in their solution will be found in an earlier bulletin.*
The second problem has been solved by the use of thermocouples and
a potentiometer, all couples having been calibrated in position, and
the correction for radiation determined for couples exposed to hot
surfaces. (See last paragraph of Section 7.)
4. Acknowledgments.-During the past two years Mr. J. F.
QUEREAU,t Research Graduate Assistant in Mechanical Engineering,
has assisted in conducting the actual testing work of this investigation.
The investigation has been carried on as a part of the work of the
Engineering Experiment Station of the University of Illinois,$ of
which DEAN M. S. KETCHUM is the director, and of the Department
of Mechanical Engineering, of which PROFESSOR A. C. WILLARD is the
head.
II. THE RESEARCH RESIDENCE
5. Description of Residence.-In all respects, the Research Resi-
dence, Fig. 1, is of standard frame dwelling construction, with the
single exception of the studding, which is 2 in. by 6 in. instead of the
usual 2 in. by 4 in. This permits the use of larger wall stacks than
could be used in 2 in. by 4 in. construction. The wall section is as
follows: weather boarding, building paper, ship-lap siding on 2 in. by
6 in. studding, lath, and plaster with rough sand finish. The coefficient
of heat transmission for this wall section is 0.20 B.t.u. per sq. ft. per
*See "Investigation of Warm-air Furnaces and Heating Systems," Univ. of Ill. Eng.
Exp. Sta. Bul. 120, 1924.
tMr. Quereau was appointed full-time Special Research Assistant on this investigation,
July 1, 1928.
tAt the time of building the Research Residence, Prof. L. H. Provine, Head of the De-
partment of Architecture, acted as architect, and he was assisted by C. A. Kissinger, a member
of the staff of the same department.
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FIG. 2. AN INTERIOR VIEW IN RESEARCH RESIDENCE
hr. per deg. F., at a wind velocity of 15 mi. per hr. The walls are not
insulated, and no weather stripping is used at the windows and doors.
Interlocking copper shingles are used on the roof.
The Research Residence has not been occupied by a family. In-
stead, a caretaker has lived in the residence, and the daily occupants
have been the members of the research staff. Furniture, rugs, and
window shades and curtains were provided. Figure 2 suggests the
completeness of furnishing. No cooking or other domestic processes
requiring the application of heat were carried on. Thus the kitchen,
as well as all other rooms, received heat solely from the heating
system.
All the room doors were open during the majority of the tests
covered in this bulletin with the exception of those of the sun-room,
which was not connected to the heating plant at this time. Certain
tests indicated in Chapter VI were run with doors closed.
The room arrangement and exposures are shown in Figs. 3, 4, and
5. It should be noted that only one room, the bath-room, has a single
exposure to the weather, and that throughout the Residence the pro-
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Fia. 3. FIRST FLOOR PLAN WITH LOCATION OF WARM-AIR
REGISTERS AND COLD-AIR RETURN GRILLES
(for Third Installation)
FIG. 4. SECOND FLOOR PLAN WITH LOCATION OF WARM-AIR REGISTERS
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FIG. 5. THIRD FLOOR PLAN WITH LOCATION OF WARM-AIR REGISTERS
portion of glass area is high. Hence the heating problem presented
the usual difficulties. The heat losses calculated by the usual methods
are approximately 119 000 B.t.u. per hr. at 0 deg. F. and 15 mi. per
hr. wind velocity.
6. Heating Plant.-A gravity circulating warm-air heating plant
was installed, and has been in operation in the Residence continuously
during each heating season since December, 1924. This plant was
designed to duplicate as nearly as practical the Main Plant in the
Laboratory, as correlation with the Laboratory tests was the first
objective in the Residence, and the only changes made since the
original installation have been in the cold-air returns, which have
varied from one to twenty-one in number and also in location. In all
there have been six arrangements or changes in the cold-air return
part of the system and each one is given an installation number to
distinguish it from the others (see Table 2 and Fig. 20).
The locations of the warm-air registers and of the cold-air return
grilles for the Third Installation are shown in Figs. 3, 4, and 5. De-
tails of piping and furnace are shown in Fig. 6 and given in Tables
1 and 2. The particular heating layout shown was by no means the
only plan possible, nor was it a model one. The plant was simply
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one of a series (Fig. 20) in which a comparison of cold-air return
locations was being made.
Three return ducts, compactly arranged with grilles located near
the inner walls of the rooms, are shown. In the design of the cold-
air return ducts, abrupt changes of section and direction were avoided;
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TABLE 2
DIMENSIONS AND AREAS OF RETURN DucTs AND GRILLES FOR Six INSTALLATIONS
First Installation
One only ...... 33 854 12x68 816 36x36 800
Second Installation
One only ...... 33 854 14x52 728 36x36 800
Third Installation
East.......... 17 226 12x20 240 12yix30 219
South......... 20 314 12x26 312 19¼x27 312
West.......... 20 314 12x26 312 19y4x27 312
Total ......... 854 864 843
Fourth Installation
East.......... 17 226 9½x29 256 12x20 240 12%x30 219
South......... .20 314 314 12x26 312 19Yx27 312
West.......... 20 314 11x27 311 12x26 312 194x27 312
Total ......... 854 881 864 843
Fifth Installation
East.......... 17 226 11x29 322 12x20 240 12%x30 219
South......... .20 314 10x20 200 12x26 312 194x27 312
West.......... 20 314 11ix27 311 14x26 364 19yx27 312
Total ......... 854 833 916 843
Sixth Installation
East S. ....... 17 226 12x20 240 (Four) 364
R....... 8x29 232
Q....... 8x20 160 (Three) 252
P....... 10x11 110 (One) 70
0 ....... 11x12 132 (One) 112
South N....... 20 314 12x26 312 (Nine) 798
J....... 8x20 160 (Four) 364
I..... 8x20 160 (Three) 294
H ....... 9x13 117 (Two) 182
K....... 8x20 160 (Five) 434
L....... 10x13 130 (Four) 364
M ...... 10x13 130 (Two) 182
West G....... 20 314 12x26 312 (Eight) 686
C... 8x20 160 (Three) 252
B....... 10x13 130 (One) 70
A ....... 8x13 104 (One) 70
D ....... 5x12 60 (One) 70
E....... 7x13 91 (Two) 182
F....... 7x13 91 (Two) 182
Total ........ 854 864 First
Floor 1008
Upstairs 840
INVESTIGATION OF WARM-AIR FURNACES, PART IV
and ample area, in excess of the total warm-air pipe area, was main-
tained at all points. These are fundamental precautions to be ob-
served in good design.
The heater, as in all six installations, was of a common cast-
iron type, and had a grate area of 2.88 sq. ft. The smoke pipe, 10
in. in diameter and 10 ft. in length, was connected to a 12-in. by
12-in. fireclay-lined flue, which was 35 ft. high. This chimney passed
up through the house, and hence the heat transmitted through its
8-in. brick walls was given up to the house and was useful in heat-
ing. A cross damper in the smoke pipe, 3 ft. from the furnace, was
used to restrict the draft. The check draft was sealed.
The heat pipes and fittings, eleven in number, were of standard
commercial sizes and types, no effort being made to obtain streamline
flow by the use of special fittings. All pipes were of bare bright tin,
except for narrow sealing strips of asbestos paper at the joints,
previous tests having demonstrated that asbestos paper covering on
bright tin pipes is wasteful of heat.* The diameters of the pipes were
based on heat loss calculations for the various rooms, in accordance
with the "Standard Code Regulating the Installation of Warm-air
Heating Systems."t The wall stacks, the concealed vertical portion
of the heat pipes, were of mixed construction, some being of double
tin with intervening air space, and others of single tin construction.
The cross-sectional area of the stacks averaged 70 per cent of the area
of the basement heat pipes to which they were connected. Registers
were of commercial types and sizes and, in this particular installation,
were all of the wall types.
It has been the object in this description of the Research Resi-
dence and the heating plant to show that both were standard rather
than special, and that, therefore, the data which follow are such as
might be obtained in any well designed warm-air heating plant.
7. Method of Testing.-The general procedure of testing, although
requiring some modification to meet the conditions existing in the
Residence, was similar to that described in Bulletin No. 120 of the
Engineering Experiment Station. The controlling thermostats were
arranged to maintain accurately a given room temperature, rather
than a given furnace bonnet temperature, as in the Laboratory tests.
The furnace was fired at four regular periods, as follows: 8:00
a. m., 12:00 noon, 6:00 p. m. and 12:00 midnight. Ashes and sufficient
"Emissivity of Heat from Various Surfaces," Univ. of Ill. Eng. Exp. Sta. Bul. 117.
tThat part of the Standard Code dealing with pipe sizes is based on results secured in the
investigation now in progress at the University of Illinois.
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unburned coal were shaken through the grates each morning, to leave
a clean fuel bed on which to continue the fire. This clean fuel bed was
always brought to a definite mark at one-half the firepot depth, giving
a thickness of about 8 inches. Correction was made on each day's fuel
consumption for the unburned fuel which was shaken through the
grate.
At each of the firing periods, observations of all data were taken
and the five readings (morning, noon, evening, midnight, and morning)
were averaged for the daily record. The following is a list of the
observations made at each reading period:
Data sheet No. 1
Weather condition.
Wind, velocity and direction.
Wet bulb temperature, dry bulb temperature, and relative
humidity, outdoors.
Barometer.
Control station temperature at thermostat in dining room.
Basement air temperature.
Outdoor temperature, at fixed location.
Draft, at furnace.
Draft, differential, ashpit to smoke collar.
Coal fired.
Ashes removed.
Water evaporated for humidification.
Data sheet No. 2
Room temperatures, in each of the 10 heated spaces, at 4 in.
above floor, breathing level 5 ft.-0 in. above floor, and
4 in. below ceiling.
Data sheet No. 3
Anemometer readings at each of 11 warm-air registers.
Anemometer readings in cold-air ducts.
Data sheet No. 4
Thermocouple observations of temperatures of:
air at 11 warm-air registers.
air in 6 boots for upstairs pipes.
air at 1 or more cold-air grilles.
gas at 5 points in flue-gas stream between furnace and top of
chimney.
air at 1 point above furnace.
air in 3 air spaces above ceilings and below roof.
surface at 4 places on roof.
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Recorders produced the following charts:
Outdoor and indoor air temperatures.
Wet and dry bulb temperatures, indoors.
Temperature of air at one warm-air register.
Temperature of flue gases in smokepipe.
Draft at smokepipe collar at furnace.
Carbon dioxide in flue gas.
In the measurement of air flow at the registers, the anemometers
were read at fixed positions in the middle of the upper half of the
register, instead of making a traverse over the entire area of the
registers. This method insured velocity readings of such magnitude
as to minimize errors of observation. The anemometers were cali-
brated in the fixed positions for various temperatures and the accuracy
obtained was such that the variations in the measured weight of air
emerging from the warm-air registers averaged, for a whole season,
only 2.8 per cent greater than the weight flowing ttrough the return
duct. The weight on the warm side of the system was assumed to be
the correct weight, for the reason that the original conditions of cali-
bration at the warm-air registers remained the same regardless of
changes in the return side of the system.
In the measurement of air temperatures at the bonnet collars,
the former method of calculating the loss in temperature in the base-
ment pipe and adding this loss to the boot temperature in order to
obtain the bonnet temperature was abandoned. Instead a specially de-
signed and mechanically ventilated shield was inserted at each of the
bonnet collars and the actual temperature of the air determined after
eliminating the radiation effect.* It was necessary to make this cali-
bration before the actual testing and to obtain the bonnet temperatures
from various boot temperatures read during the test.
III. SUMMARY AND DISCUSSION OF TESTS AND RESULTS
8. Method of Presenting Test Results.-The data for the Research
Residence tests are voluminous, and it would be impossible to repro-
duce all of the 289 daily tests or observations in this bulletin. Instead
the more important observed and calculated data have been com-
piled for about one-fourth of the total number of daily tests, and
*R. T. Haslam and E. L. Chappell, "The Measurement of the Temperature of a Flowing
Gas," Industrial and Engineering Chemistry, April, 1925, p. 402, Vol. 17, No. 4.
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TABLE 3
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
ItemNo. Items and Units
1 D aily test number...................................................... 38
2 D ate .... ............................................ . .... ......... 3-1-25
3 Barometer, in. of mercury ............................................. 29.30
4 Wind, direction and velocity, mi. per hr.................................. NW-12
5 Atmospheric condition ................................................... Clear
6 Fuel, kind................. ............................................ A nthr.
7 heat value as fired, B.t.u. per lb...................................... 11 852
8 fixed carbon, per cent............................................. 72.27
9 volatile, per cent .................................................... 6.79
10 ash, per cent... ................................................. 15.86
11 m oisture, per cent ................................................... 5.08
12 fired, lb ............................................................ 195
13 ash and refuse, lb. ................................................... 41.0
14 ash, theoretical, lb ................................................... 30.9
15 burned, lb. corrected for unburned fuel in ash ........................... 182.6
16 burned, per sq. ft. grate per hr. (=combustion rate) ..................... 2.64
17 Air temperaturd outdoors, mean, deg. F ................................... 13.9
18 outdoors, maximum, deg. F........................................... 28.0
19 outdoors, minimum, deg. F........................................... . -1.0
20 indoors, average of 10 rooms breathing level, deg. F ..................... 73.5
21 return grilles, deg. F........................................... 67.0
22 bonnet, m ean, deg. F........ ........................................ 138.5
23 boots, m ean, deg. F .......... ........................................ 125.5
24 registers, m ean, deg. F ............................................... 118.3
25 rise, grilles to bonnet, deg. F....................................... 71.5
26 rise, grilles to registers, deg. F......................................... 51.3
27 equivalent register, deg. F................................... ......... 116.3
28 basem ent, deg. F................................................. 56.5
29 Flue gas temperature at furnace, deg. F................................... 528
30 at base chimney, deg. F... ......................................... 296
31 at top chimney, deg. F ............................................... 160
32 Air, weight flowing through heater, lb. per hr .............................. 2665
33 density at return grilles, lb. per cu. ft ............... ....... .......... 0.0734
34 density at furnace bonnet, lb. per cu. ft ................................ 0.0647
35 density at registers, lb. per cu. ft.................................... 0.0671
36 volume at return grilles, cu. ft. per hr ................................ 36 300
37 volume at bonnet, cu. ft. per hr ...................................... 41 200
38 volume at registers, cu. ft. per hr....... ............................ 39 700
39 velocity in return duct, ft. per min .................................... 102.0
40 velocity, mean, at registers, ft. per min................................. 74.2
41 recirculations per hr ................................................ 2.25
42 Heat of coal burned, B.t.u. per hr ...................................... 91 800
43 at bonnet, B.t.u. per hr. (=Capacity)................................ 45 750
44 at registers, B.t.u. per hr ............................................ 32 900
45 loss of Residence, B.t.u. per hr..................................... 88 800
46 Efficiency, as of furnace bonnet, per cent.................................. 49.8
47 as of registers, per cent.............................................. 35.8
48 of pipes and stacks, per cent................................... .... 72.0
49 of Residence, (=Overall) per cent.................................... 96.8
50 Draft, at smoke collar, in. water ........................................ 0.120
51 differential, ashpit to smoke collar, in. water............................ 0.030
52 Carbon dioxide in flue gas, per cent ....................................... 3.4
53 Evaporation of water, lb. per hr.......................... .............. ....
54 Relative humidity, indoors, per cent ...................................... 23.0
55 Relative humidity, outdoors, per cent.................................... 65.0
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TABLE 3 (Continued)
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Item
Test Data and Results No.
40 43 57 62 66 67 70 71 1
3-4-25 3-9-25 11-4-25 11-11-25 11-15-25 11-16-25 11-19-25 11-20-25 2
29.30 29.20 29.30 29.10 29.10 29.60 29.50 29.60 3
W-3 S-3 S-12 E-3 N-10 W-3 W-8 SW-5 4
Clear Clear Cloudy Clear Snow Cloudy P. Cloudy Clear 5
Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. 6
11 852 11 852 12 618 12 618 12 618 12 618 12 618 12 618 7
72.27 72.27 78.22 78.22 78.22 78.22 78.22 78.22 8
6.79 6.79 5.79 5.79 5.79 5.79 5.79 5.79 9
15.86 15.86 11.75 11.75 11.75 11.75 11.75 11.75 10
5.08 5.08 4.24 4.24 4.24 4.24 4.24 4.24 11
115 80 65 65 140 112 95 85 12
22.0 12.0 18.5 9.0 17.0 15.0 13.0 14.5 13
18.2 12.7 7.6 7.6 16.5 13.2 11.2 10.0 14
110.3 80.8 52.4 63.4 139.4 109.9 92.9 79.8 15
1.60 1.17 0.36 0.92 2.01 1.59 1.34 1.15 16
32.0 61.0 51.0 48.5 27.0 27.0 34.5 39.6 17
50.0 76.0 56.0 61.0 34.0 33.0 44.0 50.0 18
23.0 40.0 45.0 . 40.0 30.0 23.0 28.0 32.0 19
70.5 72.2 70.2 71.9 67.6 69.2 68.9 68.9 20
69.0 71.0 71.0 * 72.5 68.5 69.5 69.0 69.0 21
117.5 113.5 111.0 112.0 119.0 106.0 117.0 110.5 22
107.5 105.0 104.0 106.1 111.0 110.2 103.3 103.3 23
102.5 97.5 99.0 99.5 117.0 115.0 107.0 102.0 24
48.5 42.5 40.0 39.5 40.5 48.0 48.0 41.5 25
33.5 26.5 28.5 28.5 37.5 36.5 35.0 30.0 26
98.5 91.5 93.5 93.5 102.5 101.5 100.0 95.0 27
58.4 62.0 63.0 64.0 62.0 61.0 62.0 62.0 28
241 290 206 212 263 271 258 270 29
141 177 106 106 137 136 126 111 30
102 110 77 84 86 88 87 80 31
2350 2200 1823 2088 2251 2566 2355 2212 32
0.0734 0.0729 0.0732 0.0725 0.0730 0.0740 0.0740 0.0740 33
0.0670 0.0674 0.0680 0.0674 0.0664 0.0693 0.0676 0.0688 34
0.0690 0.0693 0.0690 0.0688 0.0671 0.0681 0.0691 0.0698 35
32 000 30 200 24 900 28 800 30 850 34 700 31 800 29 900 36
35 100 32 600 26 800 31 000 33 900 37 000 34 900 32 200 37
34 100 31 700 26 400 30 400 33 500 37 700 34 100 31 700 38
90.0 84.6 70.0 81.0 96.5 97.5 98.1 84.0 39
63.8 59.3 49.4 56.9 62.6 70.5 63.6 59.2 40
1.98 1.87 1.54 1.79 1.91 2.15 1.97 1.85 41
54 100 37 600 33 000 33 000 70 000 56 300 47 950 42 900 42
27 400 22 450 17 795 20 085 27 365 29 495 27 603 21 715 43
18 900 14 000 12 480 14 300 20 300 22 500 19 800 15 950 44
62 200 19 400 34 300 34 200 65 800 57 100 53 200 43 500 45
50.6 59.7 53.9 60.9 39.0 52.4 57.6 50.7 46
35.0 37.2 37.9 43.3 29.0 40.0 41.3 37.2 47
69.0 62.3 70.1 71.1 74.2 76.2 71.7 73.5 48
115.0 51.5 104.0 103.0 94.5 101.5 111.0 101.0 49
0.067 0.040 0.030 0.027 0.065 0.067 0.050 0.038 50
-0.019 0.008 -0.008 -0.007 -0.017 -0.014 -0.009 -0.006 51
9.0 9.5 9.4 9.4 9.7 9.4 8.4 8.8 52
53
27.0 34.0 44.0 40.0 35.5 35.0 36.0 34.0 54
67.4 72.0 84.3 71.3 85.3 85.0 83.0 73.7 55
Daily tests including Nos. 38 to 71-First Installation, single thermostatic control, no humidi-
fying apparatus. Tests 55 to 71, same, but pipe to northwest bedroom covered with 2-ply air-cell paper.
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TABLE 3 (Continued)
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
No.m Test Data and Results
1 95 96 97 98 102 103 105 111
2 1-7-26 1-8-26 1-11-26 1-12-26 1-19-26 1-20-26 1-22-26 1-28-26
3 29.60 29.50 29.40 29.20 29.30 29.40 29.80 29.50
4 N-7 N-5 NW-7 W-8 SW-4 NW-5 N-8 W-7
5 Clear Snow Snow Snow P. Cloudy Rain Clear Clear
6 Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr.
7 12 618 12 618 12 618 12 618 12 618 12 618 11 852 11 852
8 78.22 78.22 78.22 78.22 78.22 78.22 72.27 72.27
9 5.79 5.79 5.79 5.79 5.79 5.79 6.79 6.79
10 11.75 11.75 11.75 11.75 11.75 11.75 15.86 15.86
11 4.24 4.24 4.24 4.24 4.24 4.24 5.08 5.08
12 145 170 170 190 100 125 210 225
13 29.0 22.0 27.0 31.0 17.0 21.0 37.0 26.0
14 17.0 20.0 20.0 22.3 11.8 14.7 33.3 35.7
15 131.1 167.7 161.9 180.0 94.0 117.7 205.4 237.0
16 1.90 2.42 2.34 2.60 1.36 1.70 2.97 3.42
17 26.2 24.1 17.0 18.8 38.7 32.0 5.0 2.3
18 32.0 28.0 35.0 26.0 45.0 35.0 13.0 12.0
19 22.0 22.0 2.0 6.Q 33.0 26.0 -2.0 -2.0
20 66.3 67.7 69.9 70.1 71.2 70.0 70.0 70.9
21 67.0 68.5 70.5 69.5 72.5 * 71.0 69.5 69.5
22 118.0 124.5 137.5 144.5 128.0 125.0 148.0 152.5
23 114.2 120.2 132.6 139.6 123.8 120.7 142.6 147.3
24 110.5 120.0 123.5 122.5 110.5 112.5 130.5 134.0
25 51.0 66.0 67.0 75.0 55.5 54.0 78.5 83.0
26 38.0 43.0 51.0 58.0 42.0 40.5 61.0 65.0
27 103.0 108.0 116.0 123.0 107.0 105.5 126.0 130.0
28 58.0 58.0 59.0 58.0 61.0 60.0 56.0 56.0
29 475 391 463 534 349 333 633 638
30 282 200 225 273 152 150 358 326
31 149 126 115 136 97 92 165 177
32 2669 2720 2927 3089 2494 2670 3310 3393
33 0.0746 0.0740 0.0734 0.0730 0.0730 0.0734 0.0745 0.0737
34 0.0678 0.0667 0.0651 0.0640 0.0660 0.0664 0.0650 0.0638
35 0.0688 0.0674 0.0669 0.0664 0.0681 0.0680 0.0669 0.0658
36 35 800 36 750 39 900 42 300 34 200 36 400 44 500 46 000
37 39 400 40 800 45 000 48 300 37 800 40 200 51 000 53 200
38 38 800 40 300 43 800 46 500 36 600 39 250 49 500 51 600
39 100.6 103.2 112.1 118.9 96.2 102.4 125.0 129.2
40 72.5 75.3 81.9 86.9 68.4 73.4 92.5 96.5
41 2.22 2.29 2.48 2.62 2.12 2.26 2.76 2.85
42 72 500 84 500 84 500 94 500 50 500 62 800 101 200 108 300
43 34 365 36 855 47 480 56 030 33 405 34 760 62 466 67 912
44 24 350 28 100 35 850 43 000 25 150 25 950 48 500 53 000
45 59 800 61 800 77 000 76 300 46 500 54 700 95 000 101 000
46 47.4 43.6 56.2 59.3 66.1 55.4 61.7 62.6
47 33.6 33.2 42.4 45.5 59.8 41.3 49.0 48.9
48 70.8 75.2 75.5 76.7 75.2 74.7 77.6 78.1
49 83.0 73.0 91.0 81.0 92.0 87.0 94.0 93.0
50 0.105 0.095 0.095 0.106 0.065 0.065 0.102 0.136
51 0.028 0.048 0.011 0.044 -0.009 0.004 0.011 0.050
52 5.8 5.8 5.6 6.4 10.0 11.5 10.7 11.2
53 0.78 1.03 1.33 1.20 0.67 0.74 1.42 1.74
54 23.8 23.2 23.2 22.5 29.3 29.2 23.0 22.4
55 86.3 91.3 94.7 94.0 92.3 100.0 96.7 91.7
Daily tests including Nos. 95 to 111--Second Installation, anthracite coal. Leader pipe to north-
west bedroom covered with 2-ply air-cell paper. Dome pan humidifier. Dual thermostatic control
in these and all succeeding tests.
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TABLE 3 (Continued)
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Item
Test Data and Results No.
112 114 115 116 117 118 119 120 1
1-29-26 2-1-26 2-2-26 2-3-26 2-4-26 2-7-26 2-8-26 2-9-26 2
29.30 29.30 29.40 29.40 29.50 29.40 29.15 29.10 3
S-8 W-3 S-2 W-3 W-4 S-3 W-3 NW-8 4
P. Cloudy Rain Rain Rain Cloudy Cloudy Rain Snow 5
Coke Coke Coke Coke Coke Coke Coke Coke 6
11 802 11 802 12 510 12 510 12 510 13 100 13 100 13 100 7
76.87 76.87 82.45 82.45 82.45 88.66 88.66 88.66 8
4.74 4.74 3.73 3.73 3.73 0.77 0.77 0.77 9
14.13 14.13 10.71 10.71 10.71 9.57 9.57 9.57 10
4.26 4.26 3.11 3.11 3.11 1.00 1.00 1.00 11
195 140 155 125 156 105 110 120 12
18.5 24.0 14.0 11.0 13.0 8.0 10.0 12.0 13
27.6 19.8 16.6 13.4 16.7 10.0 10.5 11.5 14
206.3 134.8 158.0 127.8 160.3 107.2 110.6 119.4 15
2.98 1.95 2.28 1.85 2.32 1.55 1.60 1.73 16
35.5 36.0 36.2 33.0 30.0 37.8 37.5 27.0 17
40.0 38.0 39.0 40.0 32.0 41.0 41.0 33.0 18
15.0 34.0 34.0 27.0 30.0 32.0 31.0 19.0 19
71.2 69.5 71.0 70.7 71.0 70.3 70.6 69.6 20
70.5 70.5 72.0 72.0 72.0 72.5 72.0 71.5 21
127.5 121.0 124.5 127.5 131.5 121.5 125.0 131.0 22
123.2 115.8 120.3 122.9 126.7 116.3 120.8 126.4 23
120.0 111.5 113.0 114.0 114.0 109.5 112.5 115.5 24
57.0 50.5 52.5 55.5 59.5 49.0 53.0 59.5 25
44.0 37.0 39.0 41.0 45.0 36.0 39.5 44.0 26
109.0 102.0 104.0 106.0 110.0 101.0 104.5 109.0 27
59.0 60.0 60.0 60.0 60.0 61.0 61.0 60.0 28
397 376 365 322 333 331 331 473 29
192 210 206 139 138 228 157 250 30
137 127 120 91 95 136 99 113 31
2868 2569 2601 2725 2901 2696 2679 2780 32
0.0732 0.0732 0.0732 0.0732 0.0734 0.0732 0.0725 0.0725 33
0.0660 0.0666 0.0667 0.0662 0.0660 0.0669 0.0660 0.0651 34
0.0669 0.0678 0.0680 0.0678 0.0680 0.0683 0.0674 0.0670 35
39 200 35 100 35 500 37 250 39 600 36 850 37 000 38 400 36
43 500 38 600 39 000 41 200 44 000 40 300 40 600 42 700 37
42 900 37 900 38 300 40 200 42 700 39 500 39 500 41 500 38
110.0 98.7 99.8 104.6 111.2 103.5 104.0 107.9 39
80.3 70.8 71.6 75.1 79.8 73.8 74.4 77.5 40
2.43 2.17 2.20 2.31 2.45 2.28 2.30 2.38 41
85 100 68 300 80 300 64 700 80 800 56 500 59 200 64 600 42
39 506 31 180 33 045 36 445 41 510 31 680 34 310 39 890 43
30 300 22 800 24 350 26 800 31 400 23 300 25 400 29 400 44
55 000 46 400 46 000 51 500 57 000 45 250 46 000 64 400 45
46.4 45.7 41.2 56.4 51.4 56.1 57.9 61.7 46
35.7 33.4 30.3 41.5 38.8 41.3 42.9 45.5 47
76.7 73.0 73.7 73.5 75.7 73.5 74.0 73.5 48
65.0 68.0 57.0 80.0 71.0 80.0 78.0 100.0 49
0.082 0.065 0.070 0.068 0.063 0.061 0.057 0.077 50
-0.009 -0.006 0.054 0.022 0.000 0.003 -0.005 0.014 51
11.0 11.0 11.7 12.6 11.4 11.2 11.8 12.0 52
0.99 0.70 0.57 0.78 .... 0.57 0.58 0.71 53
24.5 29.2 29.0 28.1 26.3 28.2 28.7 28.4 54
79.3 95.3 95.3 95.0 89.0 81.3 80.3 92.7 55
Daily tests including Nos. 112 to 120-same as 95 to 111, but coke used as fuel.
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TABLE 3 (Continued)
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
No. Test Data and Results
1 121 122 124 126 127 132 136 137
2 2-10-26 2-11-26 2-13-26 2-16-26 2-17-26 2-24-26 3-2-26 3-3-26
3 29.40 29.30 29.00 29.50 29.30 29.20 29.50 29.60
4 NW-8 SW-3 E-3 S-3 S-4 SE-8 NW-10 NW-5
5 P. Cloudy Sunny Rain Sunny Rain Cloudy Clear Clear
6 Bitum, Bitum. Bitum. Bitum. Bitum. Bitum. Bitum. Bitum.
7 11 178 11 178 11 178 11 178 11 178 11 178 11 178 11 178
8 42.18 42.18 42.18 42.18 42.18 42.18 42.18 42.18
9 36.07 36.07 36.07 36.07 36.07 36.07 36.07 36.07
10 12.89 12.89 12.89 12.89 12.89 12.89 12.89 12.89
11 8.86 8.86 8.86 8.86 8.86 8.86 8.86 8.86
12 210 225 145 160 165 195 285 260
13 14.0 26.0 25.0 20.0 19.0 25.0 34.0 40.0
14 27.1 29.0 18.7 20.6 21.3 25.1 36.7 33.5
15 227.1 228.9 136.8 160.8 168.0 195.1 288.5 251.5
16 3.28 3.31 1.98 2.32 2.43 2.82 4.16 3.64
17 21.6 28.6 37.2 34.5 42.4 37.2 15.5 20.8
18 30.0 33.0 45.0 40.1 51.0 50.0 22.0 28.0
19 16.0 20.0 33.0 26.0 36.0 27.0 11.0 15.0
20 69.5 69.3 72.1 70.8 71.3 70.2 69.1 70.0
21 69.0 69.0 71.0 70.0 70.0 69.5 68.0 68.5
22 132.0 131.0 122.0 118.5 118.5 126.0 139.5 128.0
23 127,4 126.6 116.9 114.7 113.4 121.6 134.4 123.4
24 114.0 110.0 112.0 112.0 109.0 116.5 121.5 116.0
25 63.0 62.0 51.0 48.5 48.5 56.5 71.5 59.5
26 48.0 47.5 37.0 36.0 35.5 42.5 54.5 44.0
27 113.0 112.5 102.0 101.0 100.5 107.5 119.5 109.0
28 57.0 57.0 60.0 60.0 60.0 61.0 58.0 57.0
29 450 465 460 359 506 432 656 589
30 244 242 254 203 320 268 462 414
31 123 129 115 129 166 122 240 221
32 3102 2998 2518 2480 2562 2706 3188 2974
33 0.0738 0.0735 0.0726 0.0737 0.0732 0.0730 0.0740 0.0743
34 0.0658 0.0658 0.0660 0.0676 0.0671 0.0660 0.0651 0.0667
35 0.0678 0.0681 0.0672 0.0683 0.0683 0.0672 0.0671 0.0681
36 42 100 40 800 34 700 32 700 35 000 37 100 43 100 40 000
37 47 200 45 600 38 200 36 700 38 200 41 000 49 000 44 600
38 45 800 44 000 37 500 36 300 37 500 40 300 47 500 43 700
39 118.2 '114.6 97.5 92.0 98.4 104.3 121.0 112.5
40 85.6 82.3 70.1 67.9 70.1 75.2 88.7 81.7
41 2.61 2.53 2.15 2.03 2.17 2.30 2.67 2.48
42 96 200 103 100 66 400 73 300 75 600 89 300 130 600 119 200
43 47 390 44 995 31 185 29 175 40 155 36 870 55 555 42 555
44 35 800 34 200 22 350 21 400 21 850 27 600 41 700 31 400
45 71 600 55 100 48 200 49 800 42 000 51 250 82 400 70 500
46 49.3 43.6 47.0 39.8 39.9 41.3 42.5 35.7
47 37.2 33.2 33.7 29.2 28.9 30.9 31.9 26.3
48 75.5 76.0 71.6 73.4 72.5 74.8 75.0 73.8
49 75.0 53.0 73.0 68.0 56.0 57.0 63.0 59.0
50 0.107 0.077 0.084 0.077 0.064 0.0116 0.0190 0.147
51 0.019 0.045 -0.002 -0.006 -0.005 0.013 0.032 0.048
52 8.6 10.4 10.7 ..... .... 8.8 11.2 8.7
53 0.85 0.77 0.69 0.69 .... 0.84 1.17 1.03
54 28.5 26.6 29.7 28.4 30.0 25.6 20.5 20.0
55 86.7 89.7 85;0 79.0 77.7 88.0 89.3 87.3
Daily tests including Nos. 121 to 137-same as 95 to 111, but bituminous coal used for fuel.
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TABLE 3 (Continued)
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Item
Test Data and Results No.
151 152 154 158 173 177 197 198 1
11-2-26 11-3-26 11-5-26 11-13-26 12-13-26 12-17-26 1-14-27 1-15-27 2
29.52 29.46 29.38 29.31 29.21 29.80 30.00 29.81 3
SW-2 E-2 SW-3 S-6 NW-18 NW-4 NW-10 W-5 4
Clear Misty Clear Cloudy Cloudy Cloudy Clear Clear 5
Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. 6
12 996 12 996 12 996 12 996 12 996 12 996 12 996 12 996 7
79.53 79.53 79.53 79.53 79.53 79.53 79.53 79.53 8
6.06 6.06 6.06 6.06 6.06 6.06 6.06 6.06 9
12.08 12.08 12.08 12.08 12.08 12.08 12.08 12.08 10
2.33 2.33 2.33 2.33 2.33 2.33 2.33 2.33 11
105 100 90 85 160 165 230 235 12
9.5 17.0 19.0 11.0 22.0 17.5 32.5 32.0 13
12.7 12.1 10.9 10.2 19.3 19.9 27.8 28.4 14
108.6 94.5 80.9 84.1 157.0 167.7 224.7 231.0 15
1.57 1.37 1.17 1.22 2.27 2.42 3.25 3.34 16
35.5 36.5 44.5 49.0 16.1 19.0 -5.4 -0.8 17
41.0 38.0 55.0 56.0 38.0 28.0 10.0 12.0 18
29.0 35.0 41.0 55.0 4.0 11.0 -16.0 -15.0 19
71.6 70.6 70.6 71.0 69.6 69.8 72.7 73.5 20
69.5 69.5 70.0 70.0 66.5 67.0 66.5 65.5 21
113.5 114.5 106.0 110.0 132.0 129.0 151.0 152.0 22
106.0 106.5 99.5 103.0 123.0 120.0 140.5 141.0 23
109.0 109.0 97.5 102.0 117.5 117.0 130.0 132.5 24
44.0 45.0 36.0 40.0 65.5 62.0 84.5 86.5 25
32.5 33.5 26.5 29.5 51.0 48.0 68.0 70.0 26
97.5 98.5 91.5 94.5 116.0 113.0 133.0 135.0 27
66.5 67.0 66.0 67.0 65.0 62.5 62.0 60.0 28
252 256 172 203 382 306 455 542 29
154 158 118 130 232 168 235 307 30
81 85 73 86 110 94 135 169 31
2437 2287 1862 1962 2785 2881 3521 3491 32
0.0739 0.0737 0.0734 0.0732 0.0735 0.0749 0.0755 0.0751 33
0.0681 0.0678 0.0688 0.0681 0.0654 0.0670 0.0650 0.0645 34
0.0695 0.0692 0.0700 0.0692 0.0669 0.0687 0.0669 0.0663 35
33 000 31 020 25 390 26 810 37 900 38 500 46 500 46 500 36
35 800 33 710 27 080 28 800 42 600 43 050 54 200 54 100 37
35 100 33 020 26 600 28 350 41 620 42 000 52 600 52 700 38
92.8 87.2 71.3 75.4 106.5 108.2 131.0 130.6 39
65.6 61.8 49.7 53.0 77.9 78.5 98.4 98.5 40
2.05 1.93 1.57 1.66 2.35 2.39 2.90 2.89 41
58 800 51 200 43 800 45 500 85 000 90 800 21 500 125 000 42
25 800 24 700 16 100 18 850 43 800 42 900 71 500 72 500 43
19 050 18 400 11 850 13 900 34 100 33 200 57 500 58 700 44
49 300 46 900 38 400 36 000 95 600 71 800 ...... ...... 45
44.0 48.3 36.8 41.5 51.5 47.3 58.9 58.0 46
32.4 35.9 27.0 30.5 40.1 36.6 47.3 47.0 47
73.8 74.5 73.5 73.8 77.8 77.5 80.4 81.0 48
84.0 92.0 88.0 79.0 112.0 79.0 .... .... 49
0.063 0.063 0.047 0.056 0.125 0.097 0.142 0.138 50
-0.007 -0.002 -0.014 -0.013 0.004 0.019 0.025 0.034 51
0.054 0.055 0.033 0.046 0.116 0.096 0.132 0.144 52
1.90 1.37 2.51 2.62 53
27.4 27.8 28.2 20.5 27.2 23.0 18.0 17.8 54
61.0 81.0 66.0 68.0 81.0 73.0 100.0 100.0 55
Daily tests including Nos. 151 to 198-Third Installation. One-inch layer of Balsam Wool in
attic over northwest bedroom, and pipe uninsulated in these and all succeeding tests. Tests 197 and
198 same, but with division plates in casing between return air shoes.
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TABLE 3 (Continued)
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Test Data and ResultsItemNo.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
201
1-25-27
29.83
W-3
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
150
11.0
18.1
158.0
2.28
25.5
37.0
10.0
71.5
67.0
123.0
115.0
113.0
56.0
43.5
108.5
62.0
295
163
96
2488
0.0745
0.0677
0.0693
33 400
36 750
35 900
94.0
67.1
2.07
85 600
33 500
26 000
63 500
39.2
30.4
77.5
74.0
0.102
0.017
11.2
1.28
26.8
83.0
202 204
1-26-27 1-28-27
30.14 29.28
NW-7 SW-5
Clear Cloudy
Anthr. Anthr.
12 996 12 996
79.53 79.53
6.06 6.06
12.08 12.08
2.33 2.33
185 125
19.0 24.0
22.4 15.1
188.8 115.0
2.73 1.66
4.7 36.2
12.0 37.0
0.0 33.0
72.1 71.6
65.5 68.5
140.5 121.5
131.0 113.5
130.0 110.5
75.0 53.0
59.5 40.5
124.5 105.5
61.0 . 63.0
472 265
259 146
127 88
3211 2384
0.0760 0.0733
0.0666 0.0666
0.0683 0.0682
42 300 32 600
48 200 35 800
47 000 34 900
119.0 91.6
87.9 65.2
2.63 2.02
102 200 62 300
57 800 30 700
45 900 23 200
100 000 53 200
56.5 49.3
44.9 37.2
79.3 75.5
98.0 84.0
0.140 0.071
0.027 0.009
12.8 11.5
2.30 1.14
21.6 28.1
79.0 91.0
205
1-29-27
29.10
SE-7
Cloudy
Anthr.
12 996
79.53
6.06
12.08
2.33
120
18.0
14.5
116.1
1.68
38.7
45.0
35.0
71.0
68.5
120.0
112.0
107.5
51.5
39.0
104.0
63.0
271
152
87
2348
0.0730
0.0664
0.0681
32 200
35 300
34 500
90.5
64.5
2.00
62 800
29 050
22 000
51 100
46.3
35.0
75.7
82.0
0.075
10.6
1.18
29.2
90.0
212
2-10-27
29.57
W-4
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
130
22.5
15.7
122.3
1.77
26.3
33.0
22.0
70.0
66,5
121.5
113.5
110.5
55.0
42.5
107.5
62.5
286
156
92
2577
0.0743
0.0674
0.0689
34 700
38 200
37 400
97.5
69.9
2.15
66 200
34 100
26 300
62 700
51.5
39.8
77.1
94.0
0.069
12.0
2.40
29.5
71.0
Daily tests inc 
.
217
2-18-27
29.46
N-10
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
165
18.0
19.9
167.1
2.42
22.7
30.0
17.0
71.4
67.5
127.5
119.5
118.5
60.0
48.5
113.5
63.0
330
174
91
2719
0.0740
0.0677
0.0663
36 750
40 200
41 000
103.3
76.6
2.28
90 600
39 200
31 700
78 400
43.3
35.0
80.8
87.0
0.101
10.0
2.06
27.0
74.0
218
2-19-27
29.38
N-10
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
125
32.0
15.1
106.0
30.5
39.0
22.0
72.5
69.0
131.0
122.5
117.5
62.0
48.5
113.5
63.0
332
177
91
2682
0.0735
0.0659
0.0674
36 500
40 700
39 800
102.5
74.4
2.26
31 250
64 400
"0.095
12.2
1.72
26.0
71.0
219
2-20-27
29.22
N-5
P. Cloudy
Anthr.
12 996
79.53
6.06
12.08
2.33
135
30.0
16.3
119.6
1.73
32.5
40.0
27.0
70.5
67.5
117.5
110.0
109.0
50.0
39.5
104.5
63.0
249
141
78
2332
0.0733
0.0669
0.0680
31 800
34 900
34 300
89.4
64.1
1.97
64 800
28 000
22 100
56 700
43.2
34.1
78.9
87.0
0.068
11.0
1.78
28.5
72.0
T'I-- :1.. •o^t--
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TABLE 3 (Continued)
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Test Data and Results
223 224222
3-1-27
29.69
N-7
Cloudy
Bitum.
14 836
75.24
17.84
5.15
1.77
150
21.0
7.7
136.9
1.98
27.7
32.0
21.0
69.8
67.0
121.0
113.5
112.0
54.0
42.0
107.0
62.0
375
245
135
2623
0.0746
0.0678
0.0691
35 200
38 700
37 900
99.0
70.9
2.18
84 600
34 200
26 600
64 700
40.4
31.4
77.8
76.0
0.120
9.2
2.24
31.0
75.0
3-2-27
29.75
NW-5
Clear
Bitum.
14 836
75.24
17.84
5.15
1.77
125
20.0
6.4
111.6
1.68
30.7
43.0
21.0
70.9
68.0
118.0
110.5
106.0
50.0
38.5
103.5
63.0
324
211
120
2504
0.0747
0.0682
0.0697
33 500
36 750
35 900
94.2
67.1
2.08
69 000
30 050
23 450
59 700
43.5
34.0
78.0
86.0
0.095
8.4
2.24
30.5
62.0
3-3-27
29.77
N-2
Clear
Bitum.
14 836
75.24
17.84
5.15
1.77
120
25.0
6.2
101.5
1.47
31.0
44.0
23.0
71.1
67.5
119.0
111.5
105.5
51.5
39.0
104.0
62.0
315
189
127
2538
0.0747
0.0680
0.0697
34 000
37 300
36 400
95.6
68.0
2.11
62 700
31 400
23 800
54 100
50.0
38.0
75.8
86.0
0.093
9.0
2.11
30.0
62.0
225
3-4-27
29.62
NW-3
Clear
Bitum.
14 836
75.24
17.84
5.15
1.77
120
29.5
6.2
97.1
1.41
38.0
53.0
30.0
71.4
69.0
114.0
107.0
103.0
45.0
34.5
99.5
64.0
305
203
105
2338
0.0742
0.0683
0.0695
31 500
34 200
33 600
88.5
62.8
1.95
60 000
25 300
19 350
47 700
42.2
32.2
76.5
79.0
0.080
8.7
1.56
29.0
64.0
226
3-7-27
29.12
W-5
Cloudy
Bitum.
14 836
75.24
17.84
5.15
1.77
105
18.0
5.4
92.6
1.34
42.0
50.0
34.0
71.7
70.0
116.0
108.5
102.0
46.0
34.0
99.0
62.5
303
177
106
2082
0.0728
0.0670
0.0684
28 600
31 100
30 450
80.5
57.0
1.77
57 200
26 000
17 000
45 300
45.4
29.7
65.4
79.0
0.074
8.5
1.30
33.2
81.0
228
3-12-27
29.21
SE-5
Rain
Bitum.
14 836
75.24
17.84
5.15
1.77
70
18.0
3.6
55.8
0.81
54.5
60.0
43.0
72.7
72.0
104.5
98.5
92.5
32.5
23.5
88.5
67.0
173
109
82
1662
0.0727
0.0686
0.0696
22 900
24 200
23 900
64.5
44.6
1.42
34 500
13 000
9 380
30 300
37.7
27.2
72.1
88.0
0.058
8.2
0.92
43.0
91.0
Daily tests including Nos. 222 to 228-Fourth Installation, good quality bituminous coal.
Item
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
ILLINOIS ENGINEERING EXPERIMENT STATION
TABLE 3 (Continued)
TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
No. Test Data and Results
1 233 234 235 236 237 239
2 11-10-27 11-12-27 11-16-27 11-17-27 11-18-27 11-20-27
3 29.37 29.89 29.43 29.43 29.64 29.47
4 S-8 W-5 NW-5 NW-5 NW-3 SW-7
5 P. Cloudy Clear Cloudy Cloudy Clear Cloudy
6 Bitum. Bitum. Bitum. Bitum. Bitum. Bitum.
7 11 881 11 881 11 881 11 881 11 881 11 881
8 50.89 50.89 50.89 50.89 50.89 50.89
9 32.00 32.00 32.00 32.00 32.00 32.00
10 8.71 8.71 8.71 8.71 8.71 8.71
11 8.40 8.40 8.40 8.40 8.40 8.40
12 85 133 160 170 185 140
13 13.5 12.0 21.0 20.0 20.0 14.5
14 7.4 11.6 13.9 14.8 16.1 12.2
15 77.4 132.5 151.3 163.6 180.2 137.2
16 1.12 1.91 2.19 2.37 2.61 1.98
17 58.5 33.0 31.0 29.0 27.5 48.0
18 63.0 43.0 47.0 32.0 33.0 52.0
19 48.0 29.0 28.0 26.0 24.0 35.0
20 71.6 72.6 70.1 69.5 72.3 65.5
21 72.2 70.0 67.0 66.8 68.5 72.7
22 108.9 116.2 116.9 118.3 124.9 121.0
23 105.2 112.6 113.0 114.0 120.5 116.7
24 99.4 112.0 110.0 115.0 117.0 118.0
25 36.7 46.2 49.9 51.5 56.4 48.3
26 27.2 35.0 37.8 39.2 43.5 36.3
27 92.2 100.0 102.8 104.4 108.5 101.3
28 68.0 67.0 66.0 67.0 67.0 69.0
29 219 348 323 376 373 324
30 142 224 225 270 248 221
31 84 109 119 136 130 98
32 1738 2149 2194 2290 2405 1826
33 0.0732 0.0748 0.0737 0.0740 0.0743 0.0734
34 0.0686 0.0686 0.0676 0.0674 0.0670 0.0674
35 0.0695. 0.0700 0.0690 0.0688 0.0686 0.0686
36 23 800 28 700 29 800 31 000 32 400 24 900
37 25 400 31 400 32 500 34 000 35 900 27 100
38 25 000 30 700 31 800 33 300 35 100 26 600
39 65.8 79.6 82.4 85.7 89.6 68.8
40 46.7 57.4 59.5 62.2 65.6 49.7
41 1.48 1.78 1.85 1.92 2.01 1.55
42 38 300 65 600 75 000 81 000 89 300 67 900
43 15 300 23 800 26 300 28 300 32 580 21 180
44 11 350 18 050 19 910 21 550 25 120 15 920
45 24 700 58 800 58 200 60 000 61 800 44 400
46 40.0 36.3 35.1 35.0 36.5 31.2
47 29.6 27.5 26.5 26.6 28.1 23.4
48 74.1 75.9 75.8 76.3 77.0 75.2
49 64.6 89.6 77.6 74.1 69.2 65.4
50 0.053 0.102 0.100 0.112 0.113 0.103
51 0.016 -0.010 0.014 0.040 0.080 0.008
52 7.2 7.0 7.6 8.5 8.3 8.6
53 ... ... . .......
54 43.0 27.0 30.0 28.0 26.5 28.0
55 91.0 72.0 83.0 81.0 76.0 68.0
Daily tests including Nos. 233 to 239-Fourth Installation, inferior bituminous coal.
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TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Test Data and Results
245
12-10-27
29.51
W-3
Snow
Anthr.
12 996
79.53
6.06
12.08
2.33
150
22.0
18.1
145.6
2.11
243
12-8-27
29.72
W-15
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
265
57.0
32.0
236.9
3.43
6.3
10.0
2.0
72.9
64.2
151.5
146.0
145.0
87.3
70.8
135.8
64.5
625
414
203
2814
0.0751
0.0643
0.0660
37 500
43 800
42 600
103.5
79.6
2.33
128 300
57 000
47 800
113 500
46.0
37.3
81.0
88.5
0.193
0.022
9.3
1.11
18.0
84.0
78 800
25 300
19 960
55 500
32.2
25.3
78.9
95.0
0.080
-0.015
11.0
0.68
18.0
88.0
246 247
12-12-27
29.23
Foggy
Anthr.
12 996
79.53
6.06
12.08
2.33
80
22.0
9.7
66.2
0.96
54.0
60.0
38.0
73.8
70.7
118.1
114.0
106.0
47.4
36.3
101.3
66.0
250
150
78
1535
0.0730
0.0669
0.0682
21 000
22 900
22 500
58.0
42.1
1.30
35 800
17 450
13 370
29 000
48.7
37.4
76.5
81.0
0.043
-0.018
11.8
0.63
24.0
97.0
12-14-27
29.22
NE-2
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
75
13.0
9.1
70.6
1.02
43.5
48.0
32.0
72.7
69.5
115.9
112.0
107.0
46.4
35.7
100.7
65.5
247
159
77
1454
0.0730
0.0672
0.0645
20 000
21 600
21 200
55.3
39.6
1.24
38 200
16 180
12 450
41 000
42.4
32.6
77.0
106.0
0.046
-0.014
11.2
0.43
30.0
85.0
249
12-17-27
29.34
NW-8
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
200
28.0
24.2
195.8
2.83
14.0
17.0
8.0
70.5
64.2
139.3
134.2
132.0
75.1
60.4
125.4
63.0
516
316
145
2226
0.0740
0.0647
0.0665
30 100
34 400
33 500
83.2
62.6
1.87
106 000
40 120
32 300
86 600
37.9
30.5
80.5
81.8
0.158
0.010
11.2
0.66
20.0
67.0
Test Data and Results
250
12-18-27
29.58
NW-8
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
225
35.0
27.2
216.3
3.13
7.0
14.0
4.0
70.3
63.5
144.3
139.0
127.5
80.8
65.6
130.6
62.0
563
344
151
2442
0.0748
0.0648
0.0667
32 700
37 700
36 600
90.4
68.5
2.03
117 200
47 420
38 500
96 400
40.5
32.9
81.2
82.4
0.138
0.019
12.0
0.79
18.0
77.0
Daily tests including Nos. 243 to 254-Fifth Installation, anthracite coal.
253
12-31-27
29.48
W-15
Storm
Anthr.
12 996
79.53
6.06
12.08
2.33
280
54.0
33.8
257.3
3.72
-3.2
8.0
-9.0
69.5
62.7
161.0
155.2
143.0
98.3
80.3
145.3
64.0
718
421
169
2683
0.0747
0.0629
0.0648
35 900
42 700
41 400
99.2
77.5
2.23
139 500
63 350
51 750
123 500
45.5
37.1
81.8
88.7
0.197
0.096
11.0
1.28
20.0
32.3
36.0
28.0
72.0
67.2
126.4
121.9
113.5
57.2
46.7
111.7
64.5
303
192
101
1780
0.0742
0.0667
0.0680
24 000
26 700
26 200
66.4
49.0
1.49
Item
No.
254
1-1-28
29.78
W-6
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
265
48.0
32.0
247.0
3.57
-5.0
2.0
-11.0
72.2
63.7
158.9
153.1
139.5
95.2
78.8
143.8
63.0
634
327
186
2548
0.0754
0.0637
0.0656
33 800
40 000
38 900
93.5
72.6
2.10
133 700
58 200
48 200
121 500
43.6
36.1
82.8
91.0
0.175
-0.057
13.5
1.29
18.5
42
43
44
45
46
47
48
49
50
51
52
53
54
55
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TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Test Data and Results
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
1-17-28
29.52
W-2
P. Cloudy
Anthr.
12 996
79.53
6.06
12.08
2.33
105
21.0
12.7
95.7
1.38
36.1
42.0
32.0
72.9
65.8
121.0
117.0
106.0
55.2
43.7
108.7
66.0
316
180
106
1686
0.0740
0.0674
0.0686.
22 800
25 000
24 600
63.0
46.0
1.42
51 800
22 350
17 700
50 200
43.1
34.2
79.3
97.0
0.065
-0.010
9.8
0.59
26.5
81.0
1-18-28
29.10
SW-3
Rain
Anthr.
12 996
79.53
6.06
12.08
2.33
110 .
15.0
13.3
108.1
1.56
41.5
46.0
34.0
72.3
65.7
120.7
116.5
107.5
55.0
43.3
108.3
67.0
304
178
86
1651
0.0733
0.0664
0.0677
22 500
24 900
24 400
62.2
45.6
1.40
58 500
21 800
17 170
44 400
37.3
29.4
78.9
76.0
0.066
-0.012
10.0
0.59
28.0
84.0
Daily tests including Nos. 256 to 261-Sixth Installation, anthracite coal, all returns open.
258
1-19-28
28.97
W-15
Cloudy
Anthr.
12 996
79.53
6.06
12.08
2.33
170
25.5
20.5
164.4
2.38
28.3
38.0
10.0
73.2
65.3
134.0
129.3
122.5
68.7
54.9
119.9
67.5
435
228
115
2066
0.0732
0.0647
0.0662
28 200
31 900
31 200
78.0
58.3
1.75
89 000
34 100
27 250
78 500
38.3
30.6
80.0
88.3
0.156
0.025
10.4
0.89
23.5
77.0
259
1-20-28
29.55
NW-15
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
240
42.0
29.0
225.4
3.26
13.0
17.0
19.0
72.7
61.8
149.0
143.5
133.5
87.2
71.4
136.4
66.0
625
369
182
2611
0.0750
0.0642
0.0660
34 800
40 700
39 200
96.2
73.3
2.16
122 000
54 700
44 800
102 500
44.8
36.7
81.9
84.0
0.190
0.054
11.4
2.22
22.0
67.0
260
1-21-28
29.66
W-5
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
160
22.0
19.3
157.0
2.27
24.0
28.0
11.0
73.0
62.5
132.5
128.0
119.0
70.0
57.0
122.0
65.0
444
252
142
2160
0.0750
0.0663
0.0677
28 800
32 600
31 900
79.6
59.6
1.79
85 000
36 300
29 600
71 400
42.7
34.8
81.5
84.0
0.118
0.020
10.4
1.40
21.5
61.0
261
1-22-28
29.46
SW-10
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
140
18.0
16.9
138.8
2.01
32.2
42.0
24.0
72.6
63.5
124.5
125.2
114.5
66.0
53.3
118.3
65.0
382
252
118
2045
0.0744
0.0661
0.0677
27 500
30 900
30 200
76.0
56.4
1.71
75 200
32 400
26 200
66 000
43.1
34.8
80.8
87.8
0.102
0.010
10.0
0.94
22.0
64.0
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TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Test Data and Results
262
1-24-28
29.02
W-10
Rain
Anthr.
12 996
79.53
6.06
12.08
2.33
150
29.0
18.1
137.8
1.99
27.8
40.0
17.0
71.7
64.3
127.8
123.5
114.0
63.5
50.8
115.8
64.5
362
195
98
1883
0.0734
0.0654
0.0668
25 700
28 800
28 200
71.0
52.7
1.60
74 700
28 720
22 980
71 200
38.5
30.8
80.0
95.4
* 0.107
-0.013
10.4
1.05
24.5
84.0
263
1-25-28
29.40
NW-5
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
145
21.0
17.5
141.0
2.04
24.0
32.0
10.0
71.9
63.5
135.5
131.0
117.0
72.0
58.3
123.3
64.0
394
206
109
2181
0.0743
0.0653
0.0669
29 400
33 400
32 600
81.3
61.0
1.82
76 300
37 720
30 570
69 900
49.5
40.1
81.0
91.7
0.093
-0.001
11.2
1.31
23.0
63.0
264
1-26-28
29.56
NW-3
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
190
26.0
23.0
186.6
2.70
18.0
21.0
10.0
71.6
62.5
133.0
128.3
122.0
75.0
56.5
121.5
64.0
458
248
114
2183
0.0748
0.0659
0.0675
29 200
33 100
32 400
80.8
60.5
1.81
101 000
37 000
29 610
72 800
36.6
29.3
80.0
72.0
0.093
0.004
11.2
1.34
20.0
62.0
265
1-27-28
29.58
NW-10
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
205
29.0
24.8
200.3
2.90
7.9
20.0
-2.0
71.4
61.2
143.0
137.5
126.5
81.8
66.3
131.3
64.0
550
298
137
2508
0.0751
0.0650
0.0667
33 400
38 600
37 600
92.4
70.3
2.07
108 500
49 300
39 920
100 300
45.4
36.7
81.0
92.5
0.141
0.030
11.8
1.55
17.0
60.0
267
1-29-28
29.51
8-2
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
175
30.5
21.2
164.5
2.58
19.6
25.0
12.0
72.8
62.3
130.0
125.5
108.5
67.7
54.9
119.9
62.5
266
1-28-28
29.64
W-2
Clear
Anthr.
12 996
79.53
6.06
12.08
2.33
200
35.0
24.2
187.9
2.72
13.2
15.0
-1.0
72.8
61.0
143.2
138.0
125.0
82.2
67.5
132.5
63.5
483
246
156
2575
0.0751
0.0650
0.0667
34 300
39 600
38 600
94.8
72.2
2.13
101 700
50 800
41 700
77 500
49.9
41.0
82.0
76.2
0.128
0.004
10.8
1.28
16.5
66.0
268
1-30-28
29.57
SW-3
P. Cloudy
Anthr.
12 996
79.53
6.06
12.08
2.33
160
25.5
19.3
153.0
2.21
21.7
29.0
14.0
71.3
62.2
125.3
121.0
115.0
63.1
51.2
116.2
62.0
2233
0.0750
0.0669
0.0683
29 800
33 400
32 700
82.4
61.1
1.85
82 900
33 850
27 480
67 800
48.0
33.2
81.0
81.8
0.093
0.003
10.8
0.87
18.5
76.0
269
1-31-28
29.52
SW-3
Cloudy
Anthr.
12 996
79.53
6.06
12.08
2.33
175
25.5
21.2
170.2
2.46
24.0
31.0
13.0
71.4
62.5
128.2
123.8
118.5
65.7
52.5
117.5
62.0
332
195
110
2353
0.0747
0.0664
0.0679
31 500
35 500
34 700
87.2
64.81
1.96
92 100
37 120
29 680
64 000
43.0
32.3
80.0
69.6
0.105
0.006
11.4
1.43
18.5
80.0
Item
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
29
30
31
52
53
54
55
Daily tests including Nos. 262 to 269-Sixth Installation, anthracite coal; only first-floor returns
open.
2299
0.0747
0.0662
0.0676
30 800
34 700
34 000
85.2
63.5
1.91
89 100
37 400
30 320
69 800
42.0
34.0
81.0
78.4
0.104
-0.009
11.0
1.19
18.0
80.0
Test 
Data 
and 
Results
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TYPICAL DATA AND RESULTS, RESEARCH RESIDENCE
Test Data and Results
Item
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
272
2-6-28
29.39
SE-3
Rain
Bitum.
13 698
53.96
37.10
7.18
1.76
90
14.0
6.5
82.0
1.18
42.2
54.0
33.0
72.5
66.0
116.5
112.5
107.5
50.5
39.5
104.5
65.0
292
167
96
1774
0.0740
0.0678
0.0688
24 000
26 200
25 700
66.4
48.0
1.49
46 800
21 500
16 800
43 800
45.0
35.9
78.2
93.5
0.073
-0.007
8.2
0.70
25.0
86.0
273
2-7-28
29.04
SW-3
Rain
Bitum.
13 698
53.96
37.10
7.18
1.76
85
9.0
6.1
81.9
1.17
45.8
57.0
37.0
72.2
67.2
108.0
104.5
100.0
40.8
31.3
96.3
66.0
240
143
81
1431
0.0730
0.0677
0.0689
19 600
21 100
20 700
54.2
38.8
1.22
46 700
14 000
10 750
38 900
30.0
23.0
76.8
83.3
0.053
-0.010
7.5
0.61
28.5
91.0
274
2-8-28
29.22
W-3
Cloudy
Bitum.
13 698
53.96
37.10
7.18
1.76
120
14.0
8.6
114.2
1.65
35.0
39.0
30.0
70.0
64.3
112.0
108.3
103.5
47.7
37.2
102.2
64.0
328
190
88
1753
0.0738
0.0677
0.0689
23 800
25 900
25 400
65.8
47.5
1.48
65 100
20 100
15 650
49 500
30.9
24.0
77.8
76.0
0.047
0.003
8.5
0.66
26.5
275
2-9-28
29.60
NW-3
Cloudy
Bitum.
13 698
53.96
37.10
7.18
1.76
140
8.0
10.1
141.9
2.05
32.8
38.0
30.0
71.3
64.7
129.0
124.5
114.5
64.3
51.3
116.3
65.0
378
184
115
2235
0.0748
0.0665
0.0681
29 900
33 600
32 800
82.6
61.3
1.86
86 000
34 500
27 520
54 000
40.1
32.0
79.7
62.8
0.084
0.019
9.0
1.01
28.5
276
2-10-28
29.44
SW-3
Clear
Bitum.
13 698
53.96
37.10
7.18
1.76
105
10.0
7.5
102.3
1.48
38.5
45.0
33.0
72.5
66.3
125.5
121.5
103.5
59.2
46.7
111.7
65.0
338
166
119
1877
0.0740
0.0662
0.0680
25 400
28 400
27 600
70.2
51.6
1.58
58 400
26 680
21 020
48 400
45.7
36.0
78.5
82.8
0.062
0.027
7.8
0.66
28.5
277
2-13-28
29.09
E-2
Rain
Bitum.
13 698
53.96
37.10
7.18
1.76
115
8.0
8.3
115.3
1.67
43.0
46.0
38.0
72.8
68.0
118.5
114.5
114.0
50.5
34.5
99.5
66.0
292
180
104
1670
0.0730
0.0664
0.0681
22 900
25 200
24 500
63.3
45.8
1.42
65 800
20 250
13 800
41 800
30.8
21.0
68.3
83.7
0.086
-0.002
6.5
0.96
31.0
278
2-14-28
29.07
W-6
Cloudy
Bitum.
13 698
53.96
37.10
7.18
1.76
130
8.0
9.3
131.3
1.90
37.3
44.0
32.0
73.3
67.7
117.7
113.8
112.0
50.0
38.3
103.3
66.0
375
230
144
1614
0.0730
0.0667
0.0681
22 100
24 200
23 700
61.1
44.4
1.37
75 000
19 400
14 850
55 100
25.9
19.8
76.5
73.1
0.111
0.034
7.2
0.73
29.5
Daily tests including
returns open; Nos. 276 to 279---all doors a but, only first-floor returns open.
279
2-15-28
29.29
NW-3
Cloudy
Bitum.
13 698
53.96
37.10
7.18
1.76
140
12.0
10.1
138
2.00
32.0
33.0
28.0
71.1
65.0
120.0
116.0
112.0
55.0
43.0
108.0
65.0
400
222
149
1784
0.0739
0.0669
0.0683
24 200
26 700
26 100
67.0
48.8
1.50
78 800
23 500
18 400
54 800
29.8
23.4
78.3
69.6
0.102
0.052
7.8
0.74
27.5
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Test Data and Results
280
2-16-28
29.24
W-3
P. Clear
Bitum.
13 698
53.96
37.10
7.18
1.76
145
20.0
10.4
134.8
1.95
32.3
36.0
30.0
70.7
63.7
118.0
114.0
105.0
54.3
43.3
108.3
64.0
364
190
123
1800
0.0739
0.0670
0.0683
24 300
26 800
26 300
67.2
49.2
1.51
77 000
23 450
18 710
53 800
30.5
24.3
79.8
69.9
0.065
0.026
6.8
0.61
27.0
281
2-17-28
29.12
W-10
Snow
Bitum.
13 698
53.96
37.10
7.18
1.76
190
15.0
13.6
188.5
2.73
26.0
41.0
12.0
71.6
64.0
130.5
126.0
122.0
66.5
53.7
118.7
65.0
436
213
140
2135
0.0736
0.0654
0.0667
29 000
32 600
32 000
80.2
59.8
1.80
107 500
34 100
27 550
73 700
31.7
25.6
80.8
68.6
0.132
0.018
8.4
0.99
27.5
282
2-18-28
29.50
W-12
Clear
Bitum.
13 698
53.96
37.10
7.18
1.76
245
15.0
17.6
247.6
3.58
16.0
30.0
12.0
72.1
62.5
143.5
138.5
126.0
81.0
66.0
131.0
65.0
516
194
171
2435
0.0747
0.0647
0.0664
32 600
37 700
36 700
90.2
68.6
2.02
141 500
47 400
38 600
92 200
33.5
27.3
81.5
65.2
0.129
0.005
9.6
1.20
24.5
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
Daily tests including Nos. 280 to 282--same as 276 to 279, but all returns open.
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are given in Table 3. The tests selected for Table 3 are representa-
tive of a variety of weather conditions and testing purposes. Condi-
tions peculiar to each group of daily tests are given in the footnotes
on each page of Table 3.
Since the discussion of individual daily tests would be of little sig-
nificance in showing how the objects of the investigation have been
accomplished, the tests are grouped and presented in the following
twelve chapters, IV to XV, inclusive. The daily test numbers are
also given under each chapter heading so that reference may be made
to the individual daily tests in Table 3.
Throughout this bulletin the quantities referred to as "capacity,"
"furnace efficiency," "equivalent register air temperature," "combus-
tion rate," and "heating effect," are based on the following formulas:
Capacity, B.t.u. per hr. put into air = W X 0.24 X (Tb - Tj)
Combustion rate, lb. coal burned per sq. ft. grate per hr = C/A
Capacity X 100
Furnace Efficiency, per cent = Capacity X 100heat developed on grate per hr.
W X 0.24 X (Tb - T,) X 100
CXH
Equivalent register air temperature = (Tr - Ti + 65) = Te
(Based on air temperature of 65 deg. F. at recirculating duct)
Heating effect at register, B.t.u. per hr.
W X 0.24 X (Tr - T,)
in which
W = weight of air flowing in system per hr., lb.
0.24 = average specific heat of air.
C = weight of coal completely burned per hr., lb., corrected
for unburned fuel in ash.
H = calorific value of coal, B.t.u. per lb.
A = area of grate surface, sq. ft.
Ti = temperature of air at recirculating register, deg. F.
Tb = temperature of air at furnace bonnet, deg. F.
Tr = temperature of air at warm-air register, deg. F.
T, = equivalent register air temperature, based on 65 deg. F.
at recirculating register.
INVESTIGATION OF WARM-AIR FURNACES, PART IV
IV. CORRELATION OF THE PERFORMANCE OF CAST-IRON
CIRCULAR RADIATOR FURNACE IN LABORATORY
AND RESEARCH RESIDENCE
(RESEARCH RESIDENCE SPECIAL TESTS 1-6, INC. AND LABORATORY TESTS 74-76, INC.)
9. Object of Study.-It is the object of this study to show a com-
parison of the performance of a furnace in the Laboratory testing
plant and the same furnace in the Research Residence. Such a cor-
relation of data was one of the principal objects in view in the building
of the Research Residence.
10. Description of Heating Plants.-The heating plant in the Resi-
dence is described briefly in Chapter II, and Fig. 6 shows an installa-
tion in plan. The tests under discussion here were run on the First In-
stallation with a single cold-air return. The Laboratory testing plant
has been described in a previous bulletin,* and further description of
it is not necessary. It is important to note that the two plants had
nearly the same areas of leader pipes or basement heat pipes connect-
ed, that the same type of cold-air duct and shoe was used in both, and
that the same furnace was used in all the tests on which this chapter
is based. The leader pipe areas and other dimensions are given in
Table 4.
The procedure in testing and in computing resultst was the same
in both cases except in two respects, as follows:
(a) Heat value of the fuel used in the Laboratory tests was
12 790 B.t.u. per lb. and of the fuel used in the Research Resi-
dence 11 852 B.t.u. per lb. The combustion rates obtained in the
Residence were adjusted to the Laboratory fuel basis so that com-
parison of results on an equivalent combustion rate basis was pos-
sible.
(b) The methods of determining the temperature of the air at
the furnace bonnet were dissimilar. This temperature is a very
important one, entering as it does into the determination of fur-
nace capacity, and, until a direct method of measuring it has been
found, an absolute comparison of the capacities of two plants
will not be possible. In the Laboratory there was added to the
measured boot temperature to obtain the bonnet temperature an
amount determined by calculation using emissivity coefficients,
pipe surface temperature, and weight of air flowing. In the Resi-
*"Investigation of Warm-air Furnaces and Heating Systems," Univ. of Ill. Eng, Exp.
Sta. Bul. 141.
t"Investigation of Warm-air Furnaces and Heating Systems," Univ. .of Ill. Eng. Exp.
Sta. Bul. 120 and 141.
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TABLE 4
DIMENSIONAL DATA, LABORATORY AND RESEARCH RESIDENCE TESTING PLANTS
Research
Laboratory Residence
Leader pipe area, 1st floor, sq. in............................ 452.0 461.5
Leader pipe area, 2nd floor, sq. in ........................... 228.0 271.0
Leader pipe area, 3rd floor, sq. in ............................ 128.0 100.0
Total............. . .......................... ...... 808.0 832.5
N um ber of pipes .......................................... 10 11
Cold air duct diameter, in.................................. 32 33
Cold air duct area, sq. in ................................... 804 854
Height to 11st floor................... . .. . 8 ft. 7 in. 8 ft. 11 in.
center line of registers above 2nd floor. ................. 17 ft. 5 in. 18 ft. 9 in.
basement floor l3rd floor .................. 26 ft. 3 in. 28 ft. 8 in.
dence there was added to the measured boot temperature an aver-
age temperature loss determined by thermocouples placed in arti-
ficially ventilated shields in the pipes at the bonnet collars (see last
paragraph of Section 7).
11. Correlation as Shown by Performance Curves.-The compari-
son of the performance of the two plants is shown graphically in
Figs. 7, 8, and 9. The dotted line representing the Research Resi-
dence tests indicates clearly that the plant in the Residence operated
at lower capacity, efficiency, and register air temperature than did
the Laboratory plant. From Fig. 7, for example, at a 6-lb. com-
bustion rate the capacity is shown to be reduced from 122 500 to
102 500 B.t.u. per hour, or 20 per cent. Simultaneously, the efficiency
is shown to be reduced from 57 to approximately 47 per cent, and
the register air temperature from 160 to 154 deg. F.
Figure 9 shows conclusively that less heat was given up to the
recirculating air in the Residence than in the Laboratory plant. The
temperature of the flue gases leaving the furnace in the former plant
was also found to have been 85 deg. F., or approximately 15 per cent
higher than in the latter, at a 6-lb. combustion rate.
A study of Figs. 7 and 8 will show that the deficiency of the plant
in the Research Residence resulted in (a) a reduction in temperature
of the air emerging from the registers, and (b) a reduction in the
quantity of air flowing. The combined effect amounted to a 20 per
cent reduction in capacity.
The reduction in temperature, Fig. 7, amounted to approximately
6 deg. F. at the register, at a combustion rate of 6 pounds. The re-
duction in temperature may be accounted for by the greater length
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FURNACE IN LABORATORY AND IN RESIDENCE
of leader pipe and stacks, and greater resistance in the boots in the
Research Residence.
The fact that the quantity of air was lower in the Residence than
in the Laboratory may be shown by analysis of Fig. 8. Since the
factors which go to make up capacity are weight of air, temperature
difference between return grille and bonnet, and a constant 0.24, or
the specific heat of air, it is evident (see Section 8) that for any
given register air temperature the capacity is directly proportional to
the air weight. When plotted as in Fig. 8 the capacities are a meas-
ure of the relative air weights flowing. On this basis Fig. 8 shows
that the weight of air was reduced about 8 per cent in the Research
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OBTAINED WITH SAME FUR- PERATURES OBTAINED WITH SAME
NACE IN LABORATORY AND FURNACE IN LABORATORY AND
RESIDENCE RESIDENCE
Residence. This reduction in air weight may be charged to three
sources of friction:
(a) longer pipes and stacks,
(b) more complicated boots, and
(c) resistance to flow in the house, external to the heating
system.
12. Correlation as Shown by Heating Value of a Square Inch of
Leader Pipe Area.-In the computation of the heating value of a
square inch of leader pipe area in the Residence, the sensible heat of
the air at the warm-air registers above that of the return grille tem-
perature was used. The procedure in the Laboratory tests was dif-
ferent in that the sensible heat above 70 deg. F. was used.* In order
to make the comparison valid the Laboratory values were adjusted
to the same conditions as the Residence values and the results are
shown in Fig. 10.
The curves for the second- and third-story pipes are in good agree-
ment for both plants as regards slope and curvature, but the values
for the Residence are appreciably lower than for the Laboratory.
In the case of the first-story pipes the curves are very different. The
*"Investigation of Warm-air Furnaces and Heating Systems," Univ. of Ill. Eng. Exp.
Sta. Bul. 141, Fig. 71, p. 121.
2
INVESTIGATION OF WARM-AIR FURNACES, PART IV
s'o
ff/// 4p' ' 4/ y^ 7 7 y& / kg'S0 -9,7/ 'vIVd Y
'K
Ky
K
N
K
-///) a/-yg y 4-1 ;40'ay/7' 0wayo Sqqop ^
s/<ypi// /y 03/Vea07 4// 20ý -- V'.y</// ray p
z
02
Z
z
PQ
10
1-
I4
Z 003
w
zi
ILLINOIS ENGINEERING EXPERIMENT STATION
greater range of the tests in the Residence establishes the direction of
the Residence curve more completely than the direction of the Labora-
tory curve. No data were available for the latter below 130 deg. F.
In Fig. 11 the data for the Research Residence are plotted and
the relations between register air temperature and the heat delivering
capacity of one square inch of first-, second-, and third-story pipe
are shown as very definite curves terminating at 65 deg. F., at which
temperature the heat available in the air discharged from the registers
would become of zero magnitude. In the curves of Fig. 11 the points
above 140 deg. F. register air temperature were determined from
special performance tests of the furnace and the seven points below
140 deg. F. from daily tests made during normal temperature regula-
tion conditions in the Residence.
Referring again to Fig. 11 and the light lines connecting correspond-
ing points on the first-, second-, and third-story curves marked "lines
of equal combustion rate," it is evident that at any given rate of
combustion in the furnace the air will be delivered at the three floor
levels at three different temperatures. It appears, therefore, that a
system may not be designed to operate at the same temperature at
all three floors. Thus, if 175 deg. F. is taken as the temperature for
the first-floor registers, the second- and third-floor register air tem-
peratures will (in the Residence system) be 160 deg. F. and 157
deg. F. respectively. Uniform register air temperature conditions
would require perfect insulation of the stacks and the same tempera-
ture at all bonnet collars.
V. GENERAL PERFORMANCE OF HEATING SYSTEM IN RESIDENCE
(DAILY TESTS 1-289 INc.)
13. Object of Study.-This chapter presents a general summary
of the characteristics of performance of the Residence and the heat-
ing system within the Residence for a variety of weather condi-
tions, under controlled conditions of operation. The large amount of
data obtained in all kinds of weather and at much lower rates of
combustion than were feasible in the Laboratory tests* make possible
a complete analysis of many phases of performance. Many special
phases of the test data are presented in succeeding chapters of this
bulletin.
*"Investigation of Warm-air Furnaces and Heating Systems," Univ. of Ill. Eng. Exp.
Sta. Bul. 141.
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FiG. 12. COLD-AIR CONNECTION FOR SECOND INSTALLATION
14. Description of Heating Installations.-For a description of the
Research Residence reference should be made to Chapter II; and for
details of the several different heating systems tested reference should
be made to Chapter VI. The data in this chapter were obtained prin-
cipally with the First and Second Installations, which differed only in
that the cold-air shoe of the latter was of an improved streamline
design, Fig. 12.
The heating plant consisted of a 27-in. firepot, 23-in. grate, cast-
iron furnace of the top circular-radiator type, with warm-air piping
arrangement as shown in Fig. 6 and scheduled in Table 1. The leader
pipes were not covered with asbestos paper, and it should be noted
that these pipes were all given the slope of the longest pipe which
was 1 in. per ft. The warm-air boot combinations were not of the
most efficient type available, but consisted of an elbow, a 45-deg.
boot extension, and a 45-deg. angle. These fittings were used to pass
over the basement beam and into the partitions above.
All registers were of the wall or baseboard type. No floor registers
were used. The cold air was returned, in the First and Second Instal-
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lations, through a 36-in. by 36-in. square wood grille and 33-in. round
duct, from a position in the hall near the main entrance to the Resi-
dence. The free area of the grille was 800 sq. in. and the duct area 854
sq. in.
The smokepipe was of galvanized iron, 10 in. in diameter, and
approximately 10 ft. in length with two 45-deg. elbows. The chimney
was 35 ft. high and was constructed of 8-in. brick walls enclosing a
12-in. by 12-in. fireclay flue lining. This chimney was an inside
chimney, and the heat given up from its walls was therefore useful
in warming the house. A cross damper three feet from the furnace
was used, and the check-draft was sealed shut.
Control was obtained by means of the draft door only, which
was opened and closed through the action of a thermostat and motor,
as described in Chapter XII. The cross damper was set in a fixed
position.
15. Results and Conclusions.-The results of the daily tests are
summarized in Table 3. About one-fourth of the total number of
tests run are listed in this table. Conclusions are drawn in the fol-
lowing sections of this chapter as each topic is discussed and supple-
mentary tabular or graphic results are presented.
16. Register Air Temperatures and Combustion Rates.-In Fig. 13
the register air temperatures and combustion rates are shown for the
range of outdoor temperatures encountered. The horizontal scale
shows the difference between indoor and outdoor temperatures, thus
eliminating the effects of slight variations above and below 70 deg.
F. in the indoor temperatures. At a difference of 70 deg. F., cor-
responding to zero weather, the average register air temperature re-
quired was 135 deg. F. For average weather, 35 deg. F., the register
air temperature required was 108 deg. F., and in mild weather the
average register air temperature was as low as 95 deg. F. The highest
temperature observed at any register was 172 deg. F. for the east bed-
room. The average at this register in zero weather was 160 deg. F.
The lowest temperature in zero weather was 120 deg. F. at the bath-
room register.
These moderate register air temperatures even in zero weather
resulted from the fact that in an actual house, such as the Research
Residence, a very considerable portion of the so-called waste or
"vagrant" heat from the furnace casing, the leaders, stacks, as well as
from the smokepipe and chimney was available in, and distributed
fairly uniformly throughout, the house. As a result it was not neces-
INVESTIGATION OF WARM-AIR FURNACES, PART IV
/,o'oor- Ocue/fdoo 7el-' •,er"e7 D/'f'fere/ce 12 Oeg-4. A."
FIGa. 13. REGISTER AIR TEMPERATURE AND COMBUSTION RATE CURVES
FOR VARIOUS OUTDOOR TEMPERATURES
sary to carry as high an air temperature at the registers as would have
been necessary if none of this vagrant heat was available. The con-
trolling thermostat in the dining room, therefore, operated to maintain
a much lower air temperature at the registers than 175 deg. F., for
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which the plant was designed. It should be apparent that this vagrant
heat is more or less uncontrollable, and is not uniformly distributed
to all parts of the house so that a remote room may be somewhat
underheated while the rest of the house is at normal temperature.
Such was the case in the second story northwest bedroom until the
attic floor above this room was insulated.
The magnitude of this vagrant heat loss between furnace and
registers as well as from furnace casing is indicated in Section 20.
For an indication of the magnitude of the heat available within the
Residence from the smokepipe and chimney see the flue gas tempera-
ture curves of Fig. 15 and the total heat loss curves of Fig. 16. In
the former figure, the flue gas temperature drop in zero weather is
(570 - 190) = 380 deg. for hard coal, and in the latter figure, the
difference in the total heat loss at the furnace and the top of chimney
is (20.5 - 7.5) = 13.0 per cent of the heat in fuel.
The combustion rates depended on the quality of the coal and
the area of the grate. For zero weather the combustion rate for
anthracite coal was 3.5 lb., in average weather 1.6 lb., and in mild
weather 1.0 lb. per sq. ft. grate per hr. For low grade soft coal the
combustion rates were much higher, extrapolation of the curve in Fig.
13 indicating a combustion rate of over 5 lb. per sq. ft. grate per hr.
in zero weather.
17. Furnace Performance with Hard and Soft Coal.-The perform-
ance of the Second Installation with anthracite coal, low-tempera-
ture and by-product coke, and bituminous coal is shown graphically
in Fig. 14. Chemical analyses of the fuels are given in Table 3, Daily
Tests 95-111, 112-120, and 121-137 respectively.
With anthracite coal, the maximum efficiency of the furnace proper
was 58.5 per cent, and the corresponding combustion rate was approxi-
mately 2.5 lb. coal burned per sq. ft. grate per hr. With soft coal,
the maximum efficiency was only 41 per cent and occurred at a com-
bustion rate of over 4 lb.
If combustion rate values for zero weather are selected from Fig.
13, the corresponding efficiencies at these combustion rates obtained
from the performance curves, Fig. 14, will be found to have been
56.0 per cent and 40 per cent respectively for hard and soft coal.
It may also be observed that maximum efficiency was obtained from
the heater with hard coal in average weather, whereas with soft coal
the efficiency was greatest in cold weather.
In Chapter IV a correlation between Laboratory and Research
Residence tests was shown. The curves in Fig. 14 are for the same
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FIG. 14. PERFORMANCE CURVES FOR HARD AND SOFT COAL AND COKE
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furnace, but were obtained by controlling house temperature rather
than combustion rate. As a result, the performance curves of Fig.
14 are not continuous with those of Fig. 7 for the Residence.
18. Flue-gas Losses.-The great difference in the maximum effi-
ciency with hard and with soft coal shown in Fig. 14, 58.5 per cent
and 41 per cent, respectively, deserves consideration. Figure 13 shows
that there was no appreciable difference in the register air temperature
required with the two fuels, and the remaining source of difference
was in the flue-gas losses. Figures 15 and 16 show the comparison of
flue-gas temperatures and heat losses for the two fuels. For each
kind of fuel four curves are shown representing the temperature of
the flue gases at four points in their passage through smokepipe and
chimney. The curves show that at a given combustion rate the flue-
gas temperatures were almost the same for the two fuels. Thus at
a combustion rate of 3.0 lb. the curves show the following tempera-
tures:
Hard Coal Soft Coal
Temperature at furnace, deg. F................... 520 510
Temperature at top of chimney, deg. F ............ 175 170
Temperature at top of chimney actually measured in chimney at roof line.
It should be noted that at the same combustion rate with hard
and soft coal, the CO2 percentage is also the same in both cases;
hence the sensible heat loss must be the same in both cases. The
difference in efficiency, therefore, must be due entirely to the excess
of water vapor and combustible in the flue gas when operating with
soft coal.
However, it has already been shown that a much higher com-
bustion rate is necessary with soft coal, and a comparison of flue-
gas temperatures should be made for identical weather conditions
rather than for a common combustion rate. Arrows in Fig. 16 indi-
cate the combustion rates necessary to maintain a temperature of 70
deg. F. in the house for zero weather, and the corresponding flue-gas
temperatures were as follows:
Weather, zero deg. F. Hard Coal Soft Coal Diff.
Temperature at furnace, deg. F............ 570 760 190
Temperature at top of chimney, deg. F. .... 190 250 60
Temperature at top of chimney actually measured in chimney at roof line.
Thus it is evident that in the burning of soft coal the sensible
heat of the flue and chimney gases is much higher than with hard
coal for a given indoor-outdoor temperature difference because the ad-
ditional loss resulting from excess water vapor and combustible in the
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flue gas makes necessary the use of higher combustion rates with
soft coal.
The necessity for higher combustion rates with soft coal resulting
in excessive flue-gas temperature losses is attributable to certain
chemical losses. Snap samples taken before and after firing showed
the presence of an average of 2 per cent of free hydrogen and 1
per cent of carbon monoxide in the gases leaving the furnace. This
free hydrogen has a heat value of 62 000 B.t.u. per lb., hence its
presence in relatively small quantities may be responsible for large
losses of heat. In the operation of the Residence this loss amounted
on an average to 1100 B.t.u. per lb. of soft, coal burned. The loss
due to partially burned carbon in the form of carbon monoxide was
not as great as the hydrogen loss but amounted to approximately 500
B.t.u. per lb. of coal burned.
Other sources of loss include the losses due to the formation of
water vapor from the hydrogen and moisture in the coal, and the
subsequent loss of the heat of this superheated water vapor which is
carried out through the smokepipe and chimney. Still another small
source of loss is that caused by the discharge of solid carbon particles
in the form of soot in the flue gases.
The combined effect of sensible heat and chemical losses in the flue
gases for both fuels is shown in Fig. 16. The curves show that with
soft coal in zero weather there was a flue loss at the furnace of 39
per cent of the heat of the fuel. About 26 per cent was finally lost
from the top of the chimney. With hard coal the flue-gas losses in
zero weather at the furnace represented only 21 per cent of the heat
of the fuel and only 8 per cent was finally lost from the top of the
chimney.
19. Overall Efficiency of Residence and Heating System.-The loss
of heat from the top of the chimney, when an inside chimney is
used, is the only ultimate loss of heat from the house. By subtract-
ing from 100 the percentage losses at the top of the chimney, as
shown by Fig. 16, the overall efficiency of the house and heating in-
stallation may be determined. This has been done, and the effi-
ciency curves are shown in Fig. 17. When hard coal was fired, the
overall efficiency ranged from 92 to 97 per cent, averaging 95 per
cent for average weather. With soft coal, the overall efficiency aver-
aged 75 per cent.
These overall efficiencies have also been determined by another
method, consisting of an accurate calculation of the heat loss of the
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FIG. 17. OVERALL EFFICIENCY OF RESIDENCE
building and a comparison of this loss with the heat generated on the
grate. A few points based on this method of estimating overall house
efficiencies are shown plotted in Fig. 17 for hard-coal and soft-coal
operation. Each point represents the average of several daily tests
with each fuel; and the agreement between the points and the curves
indicates that the curves are a fair approximation of the overall
thermal efficiency of the house.
Close agreement between the curves and the overall house efficiency
for any one daily test cannot be expected, since it is quite impossible
to make a correct estimate of the exact heating load on any given day,
and occasionally an efficiency of over 100 per cent resulted, as shown
under this item in Table 3. Averages for several days, based on esti-
mated daily heat losses for similar days, are much more reliable
values, and were, therefore, used in Fig. 17. Figure 17 serves to em-
phasize the thermal wastefulness of burning soft coal as compared
with hard coal.
20. Heat Loss between Furnace and Registers.-Of the heat carried
in the air leaving the furnace, a portion was lost by radiation and
convection from the leaders and stacks. In Fig. 18 the upper curve
shows the graphical relation between the heat available at the bonnet
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FIG. 18. LEADER AND STACK LOSSES, AND EFFICIENCY AS OF REGISTERS
and the heat available at the registers. Points representing both
soft and hard coal lie along a definite straight line. From this line,
for the second installation, it may be seen that exactly three-fourths
of the heat available at the bonnet was delivered at the registers.
This loss of 25 per cent between furnace and registers has the
effect of reducing the efficiency of the system as a whole, as shown
in the lower curves of Fig. 18. Here the efficiencies as of the bonnet
and as of the registers, for both hard and soft coal, are shown. With
hard coal, it is indicated that whereas 59 per cent of the heat of the
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TABLE 5
PERCENTAGE OF HEAT DISTRIBUTION THROUGH RESIDENCE
Hard Soft
Fuel Used Coal Coal
Overall house efficiency, per cent of heat of fuel.............. 94 75
Maximum efficiency at registers, per cent of heat of fuel. .... 44 31
Difference, or per cent of heat of fuel distributed through Resi-
dence by indirect paths................................. . 50 44
fuel was available at the bonnet only 44 per cent finally was delivered
at the registers. For soft coal, the corresponding values were 41
per cent available at the bonnet and 31 per cent delivered at the
registers.
Bearing in mind that the Residence was heated to 70 deg. F.
with high overall house efficiencies but with low register air tempera-
tures and register efficiencies, it is evident that a large percentage of
the heat found its way into the rooms of the house by indirect paths
such as through the floors and walls and from the chimney surfaces.
An estimate of this indirect heat is shown in Table 5. With either hard
or soft coal, the indirect heat exceeded in amount the heat delivered
at the registers.
In this connection the temperatures of the surface of the furnace
casing may be of interest. Observations made at three different
times when the outdoor temperature was at zero showed an average
casing temperature of 110 deg. F. Temperatures were taken at ten
widely separated points on the casing surface and the hottest point
was found to be 137 deg. F. Similarly, temperatures taken on the
surface of the furnace bonnet showed a maximum of 182 deg. F. and
an average of 169 deg. F. At no time was the casing hot enough to
cause peeling of any of the galvanized surface.
21. Velocity and Volume of Air Flow.-The system tested was the
Second Installation designed for complete recirculation, and the
velocities and volumes of air flowing through the return duct are
shown in Fig. 19. The volume of air flowing in the return duct was
47 500 cu. ft. per hr. in coldest weather, and 28 000 cu. ft. per hr. in
mild weather. On the assumption that only the air in the open heated
spaces of the house, 16 120 cu. ft. (about 45 per cent of the cubage
of the house), would be circulated, the equivalent recirculations were,
as shown in Fig. 19, approximately 2.9 in coldest weather and 1.8
in mild weather. Actually, each particle of air was not passed through
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FIG. 19. VELOCITY, VOLUME, AND AnR RECIRCULATION,
SECOND INSTALLATION
the furnace 2.9 times per hr., since a certain replacement due to leak-
age at windows and doors was constantly in progress. Hence, the
term equivalent recirculations has been employed. With the later in-
stallations the number of recirculations was progessively reduced.
Through the return duct the velocity of flow ranged from 80 ft. per
min. in mild weather to 130 ft. per min. in coldest weather. In the
leaders on the hot side of the system the mean velocity of flow was
greater than in the return duct, by reason of the expansion of the air
in its passage through the heater, and the slightly lesser pipe area on
the hot side. The increase in air volume and velocity is inversely
proportional to the densities of the cold and the heated air (0.075 and
0.065 lb. per cu. ft., respectively, in coldest weather) and amounted
to 16 per cent.
At the registers, however, the mean velocities were greatly reduced
by the large area of the registers. In cold weather the velocity based
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on the nominal area of the registers was 112 ft. per min., the highest
register velocity was 184 ft. per min., and the lowest at any register
65 ft. per min. No effort was made to equalize velocities by means
of valves or dampers. The velocity of flow in the upstairs pipes would
be greater by virtue of greater motive heads, and wide variations in
velocity would be expected. This condition should receive careful con-
sideration in determining the relative sizes of pipes to the different
floors and is discussed in Chapter IV.
VI. COMPARISON OF SIX COLD-AIR RECIRCULATING SYSTEMS
(DAILY TESTS, 1-72, 73-149, 150-199, 200-239, 240-254, 255-289 INC.)
22. Object of Study.-One of the most important objects for study,
for which the Research Residence was particularly adapted, was the
comparison of different systems of cold-air returns. Little freedom
is given the practical designer in the planning of the warm-air part
of the system, but in the arrangement of cold-air return ducts greater
latitude is possible.
23. Description of Installations.-The work done has been con-
fined to complete recirculation systems, with no outdoor air admitted
except by infiltration. Six systems have been tested with the same
system of warm-air pipes, stacks, and registers, and the same furnace.
The arrangement of warm-air pipes for one of the systems is shown in
Fig. 6. The diagrams of Fig. 20 show the six variations in the cold-
air returns, and for convenience each is identified by number in the
order tested. Table 2 shows the dimensions and areas of the cold-
air returns for all six systems. In all cases, the gross area of the
the main duct, or ducts, was maintained at 854 sq. in.
The method of testing has been discussed in Chapter II, and all
the tests included in these comparisons were on anthracite coal with the
Residence under continuous automatic temperature control, maintain-
ing practically 70 deg. F. in all rooms 24 hours per day.
Such additional description as may be necessary will be given in
the discussion of the results.
24. Results and Conclusions-First and Second Installations.-The
results obtained are of two general kinds, namely:
(a) Effects within the room as manifested by air temperatures
and air currents.
(b) Effects within the heating system proper as manifested
by air flow and temperature, and fuel consumption.
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FIG. 21. CURVES OF FLOOR, BREATHING LEVEL, AND CEILING TEMPERATURES
FOR LIVING ROOM, SECOND INSTALLATION
The First and Second Installations were indentical except that
the boot and shoe in the latter were of streamlined construction, shown
in Fig. 12, along more practical lines than the fittings used in the First
Installation. The First Installation was a duplicate of the return
system of the Main Testing Plant in the Laboratory, and was used
for correlation purposes as described in Chapter IV.
Heating conditions within the rooms were not different for the
two systems. Table 6 gives the temperatures taken in each of the
rooms for a period of ten days during which the outdoor tempera-
ture averaged 29 deg. F. Temperatures in the individual rooms varied
K
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TABLE 7
TEMPERATURE INCREASE PER FOOT OF ELEVATION
70 deg. F. at breathing level indoors
Deg. F. Increase per ft. of Elevation
Outdoor Temperature -
deg. F.
1st floor 2nd floor 3rd floor
0.............. 1.70 1.65 1.45
10.............. 1.44 1.42 1.25
20.............. 1.18 1.22 1.04
30.............. 0.94 0.99 0.86
40.............. 0.72 0.82 0.67
50.............. 0.49 0.62 0.50
60.............. 0.32 0.50 0.35
only 3.6 deg. F. above and 2.7 deg. F. below the average for all rooms,
indicating a good distribution of the heated air among the rooms.
Table 6 also shows the temperatures at three levels, floor, breath-
ing level, and ceiling, in each room. These temperatures are of sig-
nificance inasmuch as that system which gives the highest floor tem-
perature and the lowest ceiling temperature is the superior system.
Figure 21 shows the temperatures at the three levels in the living
room for all weather conditions for the Second Installation, and shows
that in coldest weather the floor temperature was over 10 deg. F. lower
than that at the breathing level. The curves show definitely that in
the Research Residence for a constant breathing line temperature the
floor and ceiling temperatures are functions of the outdoor tempera-
ture.
Similar curves plotted for all rooms in the house show that the
variations in temperature are also dependent on room height as well
as on outdoor temperature. Table 7 shows the variations in tempera-
ture per foot of elevation for the three different story heights in the
Residence.
By the use of the values in this table it would be a simple matter
to estimate the ceiling temperature for a given room and thus to cal-
culate more accurately the loss of heat through the ceiling and roof.
Comparison of the conditions within the heating system proper
are shown in Fig. 22, in which furnace capacity is plotted against
register air temperature. The curves show that the Second Installa-
tion was an improvement over the First in that the heating capacity
at the bonnet was greater for a given register delivery tempera-
ture. Since there was no other physical difference in the two installa-
tions the increased capacity can be attributed to the streamline design
of the boot and shoe of the Second Installation.
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FIG. 22. EFFECT OF IMPROVED COLD-AIR RETURN CONSTRUCTION
ON FURNACE CAPACITY
25. Third Installation.-In the Third Installation* the cold-air
return system was divided into three ducts totalling 854 sq. in., as
shown in Fig. 6 and Table 2. The object was to return the air from
living room, dining room, and hall but to keep the ducts as short and
direct as possible. Streamline fittings were used at the tops and
bottoms of the three ducts.
Temperature studies in the rooms, Tables 8 and 9, show that the
divided system of returns produced a more nearly uniform tempera-
ture in the various rooms, and increased the floor temperatures, par-
*This Installation was the subject of the special study reported in Univ. of Ill. Eng.
Exp. Sta. Cir. 15.
INVESTIGATION OF WARM-AIR FURNACES, PART IV
C)
A01
C
o
CC
05C
t£"
C)
C
.3
C
C).
C)r-C
C).
~C ~C
CC 0CC
CC N t-.
~CC~0
CCC C 0
CC CCC-
0CC CC
CC CCC)
CC CC CC
CC N -
N - CC
CC N N
CC N N
CCC) CCC
CC CC N
CC ~ CC
CC - CCC
CC N N
N CCC CC
N CCC N
CC N N
N CCo
CM ON
CC N N
wn0CC
"c oCo
CC1 N N
0CC N
CC 0CCC
CC N N-
CC0CC
CC CCC C
CC N N-
o 0
No
CC
CD
N-OCC-
C)S°
c~c CC
CC• -- t<Cpt NN
CCC 0
CC T- CCC
CC N N-
Oa C
§ 3:::
•U •
CC
N-
Ct-
ILLINOIS ENGINEERING EXPERIMENT STATION
;>,
.°
.2
o ij
H'0
2
0
4)
0
.0^'
§ S*
U.
'PEy°
" N N0
nipn
lt-,t
CO N -
00t-
g0t
00 N^
0..M'
000-t
0 N Nt
000Q
000^
00 NO
0 -I 0
N 00t
0o N
00 No
t0 -t 0
0 N N
N ->C0
N 00-
0
0
N
ON
00
0 S -*
Nhi-
ONO
s0
N D »-
0
N
N
0
0
0
000 -
NOO 0
ONN N
N 00
00 ~C
ON N
.0 *~.
o .0).
~
o 0
o4)~0
I. C. 0
0
N
0
N
0
N
0
0
N
0
0
0
0
0
0
0
in
INVESTIGATION OF WARM-AIR FURNACES, PART IV
TABLE 10
FLOOR TEMPERATURES, DEG. F., FIRST-STORY ROOMS
Installation Living Dining Kitchen Hall Average
2nd, single duct............. 64.7 64.1 63.8 70.0 65.5
3rd, three short ducts........ 65.5 65.0 64.4 66.7 65.4
4th, 2 long and 1 short....... 67.0 66.8 64.6 67.7 66.5
Note: outdoor temperature 29 deg. F.
ticularly in the case of the first-story rooms. The Third Installation
improved conditions over the Second Installation by decreasing the
temperature in the hall and increasing the temperatures in all other
rooms.
To facilitate the comparison of the all-important floor tempera-
tures in the principal living portion of the house, the first-story rooms,
Table 10 has been prepared.
Although temperature conditions in the rooms were improved by
the Third Installation, the added resistance of the ducts and fittings
brought about a reduction in air flow with consequent reduction in
furnace efficiency. In both cases the total duct area was maintained
854 sq. in. but in changing from the single to the divided duct system
the periphery of the ducts was increased from 104 to 180 in., and the
rubbing surface was greatly increased. The effect is shown in Figs.
23 and 24. Figure 23 shows that for a given register air temperature
the capacity of the Third Installation was lower than that of the
Second. Likewise Fig. 24 shows that for a given fuel consumption the
furnace capacity and corresponding efficiency were lower for the Third
than for the Second Installation. No doubt larger ducts could be used
to advantage in reducing the frictional resistance in multiple return
installations.
26. Fourth Installation.-The Fourth Installation consisted of the
same main return ducts, but with extensions in the living room and
dining room to grille positions in the floor near the outer walls beneath
windows (Fig. 20). The extensions were of galvanized-iron con-
struction with a slope of one-half inch per foot, and of the dimen-
sions shown in Table 2. Streamline types of fittings were used in all
three ducts, so that the Fourth Installation compared favorably with
the Third in details of design.
A comparison of temperature effects within the rooms is shown
in Tables 8, 9, and 10 and in Fig. 25 for the Third and Fourth Instal-
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lations. Table 8 shows that the Fourth Installation was an improve-
ment over the Third in that temperatures at the floor were slightly
higher.
That these improved conditions also existed over a wide range of
outdoor temperatures may be seen from Fig. 25, in which floor and
ceiling temperatures for the short duct (Third Installation) and the
long duct (Fourth Installation) systems are plotted. The curves show
increased floor and reduced ceiling temperatures in favor of the long
duct, or outer grille system.
A study of the curves of Fig. 25 suggests an interesting phase of
house temperature regulation. In these curves it is shown that if
the temperature at the breathing level is fixed at 70 deg. F. the result
will be temperatures of only 60 or 61 deg. F. at the floor in cold
weather. This shows the desirability for increasing the breathing
level temperature above 70 deg. F. in order to maintain a comfortable
average body height temperature. In mild weather with the average
body height temperature at 68 deg. F. a comfortable condition exists.
In Fig. 26 it has been assumed that this average of 68 deg. F.
would be desirable for all weather conditions, and using the ceiling-
breathing-level and breathing-level-floor differences from Fig. 25 a
new set of curves has been plotted, showing that in coldest weather
the breathing level and ceiling temperatures must be increased to 73
and 78 deg. F., respectively, for comfort. Such a condition would in-
dicate that heat loss calculations should be based on an indoor tem-
perature somewhat higher than 70 deg. F., probably 72 or 73 deg. F.,
and suggests the wisdom of placing the wall thermostat at a position
near the floor rather than 5 feet above the floor, as is common prac-
tice.
With the long ducts which distinguish the Fourth from the Third
Installation a considerably greater resistance to air flow existed, de-
spite the use of nearly streamlined fittings and sloping ducts. The
effects of this increased resistance to air flow were reflected in reduced
capacity and efficiency for the Fourth Installation, as may be seen
in Figs. 23 and 24.
The relation between the cross-sectional areas and the air-flow
capacities of the cold-air return ducts is shown in Table 11 in which
the areas and the air-flow capacities of the ducts of the Third and
Fourth Installations are compared. The individual areas of the three
round ducts are shown as well as the percentages of the total duct
area. The percentages of the total air flow handled by each duct are
shown also for the short-duct and the long-duct installations.
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TABLE 11
PERCENTAGE DISTRIBUTION OF AIR VOLUME BETWEEN COLD-AIR RETURNS
Percentage of Total
Area Air Flow
Differ-
Duct Room Short Long ence
Ducts Ducts
sq. in. per cent 3rd 4th
Installation Installation
South....... Hall......... 314 36.8 33.9 38.0 plus 4.1
West........ Dining ....... 314 36.8 38.0 36.9 minus 1.1
East........ Living ....... 226 26.4 28.1 25.1 minus 3.0
Total................. 854 100 100 100
Note: Short duct from hall same in both cases, long ducts from living and dining rooms only.
The table shows that in both of these installations the ducts
handled a volume of air nearly proportional to their areas.
When two of the ducts were extended (changing the Third to the
Fourth Installation) the resistance to flow in these two long ducts
was increased somewhat so that the two ducts ceased to carry the
same volume of air as before, and the one short duct handled rela-
tively more air in the Fourth than in the Third Installation.
The percentage differences shown in the last column of Table 11
give the-amounts by which the relative values of the individual ducts
were altered by the change from the Third to the Fourth Installation.
The absolute air capacity value of the hall duct was also greater in
the Fourth Installation than in the Third Installation, although there
was a reduction in the total quantity of air flowing, as was shown
by the capacity reduction in Fig. 23.
27. Fifth Installation.-The Fifth Installation was identical with
the Fourth except that the branch ducts were raised to a horizontal
position, and all streamline or transition fittings were replaced by
abrupt connections.
Since the relation between outdoor temperatures and room tem-
peratures was the same for the Fifth Installation as represented by
the curves for the Fourth Installation, Fig. 25, it may be concluded
that the two systems were equal in the temperature effects produced
in the rooms.
Marked reduction in capacity and efficiency were found, and the
results are presented in Figs. 23 and 24. If this reduction in capacity
resulted from a restricted air flow, heating of the residence could only
have been accomplished by delivering air at the registers at higher
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Fro. 27. REGISTER AIR TEMPERATURES OBTAINED WITH FOURTH
AND FIFTH INSTALLATIONS
temperatures in the Fifth Installation for the restricted condition.
Such higher temperatures were actually required as shown in Fig. 27,
in which the register air temperatures required for various indoor-
outdoor temperatures are plotted.
So marked was the reduction in air flow when the Fifth Installa-
tion was put into operation that anemometer readings at the register
faces in the first-story registers were negligible in mild weather. A
special study of this velocity reduction was made and the results
are shown in the polar diagram of Fig. 28. The radial lines repre-
sent leader pipe positions around the furnace, and the circles repre-
sent air velocities at the register faces. The diagram shows that with
outdoor temperatures at 28 deg. F. register velocities at all first-story
registers were reduced when the Fifth Installation was in operation,
although velocities at upstairs registers were apparently increased. The
stack height combined with the greater temperature which existed with
the Fifth Installation apparently accounted for the increase in velocity
at the upstairs registers.
A different presentation of the data on register velocities has been
made in Fig. 29, velocities for upstairs and downstairs being plotted
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FIG. 28. EFFECT OF RETURN DUCT RESISTANCE ON MEAN AIR VELOCITY
AT WARM-AIR REGISTER
against indoor-outdoor temperature differences. The curves show a
reduction in velocity of 40 per cent for the first-story registers for the
Fifth as compared with the Fourth Installation.
The low efficiency of the Fifth Installation (Fig. 24) together with
the failure of the first-story pipes to function properly mark the in-
stallation as being quite unsatisfactory and of bad design.
28. Sixth Installation.-The Sixth Installation was unlike the
other installations except that its many branch ducts, Fig. 20, were
brought together into three main ducts which were practically the
same as in the Third and Fourth Installations. Transition fittings
and sloping ducts were used when possible, but structural conditions
limited this practice. The system was tested with 21 grilles from
all rooms in the residence in operation, and again with only the nine
first-floor grilles open. Tests were also made with all doors in the
residence closed.
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FIG. 29. UPSTAIRS AND DOWNSTAIRS REGISTER AIR VELOCITIES
Temperature studies for the downstairs and upstairs rooms are
shown in Figs. 30 and 31. Figure 30, for first-story rooms, shows
that floor temperatures were no better for the Sixth Installation with
the entire twenty-one returns in operation than for the Fifth Instal-
lation. But the same Fig. 30 shows that, when the twelve upstairs
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TABLE 12
SUMMARY OF COLD-AIR RETURN DISTRIBUTION
Sixth Installation, 21 Return Grilles
Daily Tests Nos. 258, 259, 260, 261 averaged for this summary
East South West
Duct Duct Duct Total
Size, in............................. 17 20 20
Area, sq.in ......................... 226 314 314 854
Number of Grilles ................... 4 9 8 21
Upstairs .......................... 2 5 5 12
Downstairs ....................... 2 4 3 9
Weight of air
Upstairs, lb./hr .................... 188 282 361 831
Downstairs, lb./hr. ................ 292 482 615 1389
Total, lb./hr .................. 480 764 976 2220
Percentage of air
Upstairs.......................... 25.5 36.9 37.0 37.5
Downstairs ....................... 74.5 63.1 63.0 62.5
Outdoor temperature 25 deg. F.
returns were closed, the nine remaining returns on the first story pro-
duced a floor temperature condition more satisfactory than was ob-
tained with any other of the six installations.
Figure 31 also shows a slightly improved temperature condition
at the floor level in the upstairs rooms, but does not indicate that
a material difference existed between the results obtained with twenty-
one and with nine grilles open, respectively.
The efficiency and capacity curves of Figs. 23 and 24 show that the
Sixth Installation was the equivalent of the Fifth in economy and
heating effect. A study of the air flow at the warm-air registers, Fig.
29, shows that the resistance to air movement was not so great as for
the Fifth Installation, but the curves show that register velocities were
much lower than for the Fourth Installation. The total area of the
branch ducts for the Sixth Installation was much greater (see Table
2) than the return duct area for any of the other systems, but the great
length, and abrupt changes of direction, resulted in retarding the total
air flow.
Readings taken with calibrated anemometers in all of the upstairs
return ducts show that all of these ducts were active, but the quanti-
ty of air handled by them was not sufficient to stop the gravity flow
down the stairways to the first-floor returns. A summary of the cold-
air return distribution is given in Table 12. It appears that the air
returning through the upstairs return ducts was only 37.5 per cent
of the total, although the upstairs grilles comprised 45 per cent of the
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FIG. 32. FUME GENERATOR
total grille area, and the upstairs ducts comprised 88 per cent of the
area of the three main ducts entering the furnace.
A further study of the operation of the upstairs grilles was at-
tempted by closing the room doors and operating with all twenty-one
grilles open, and again with the twelve upstairs grilles closed and the
nine first-floor returns only in operation. The resulting temperatures
in the rooms for outdoor temperatures of 25 and 27 deg. F. are shown
in Table 13. The results, though surprising, show that the rooms
were as well heated with the upstairs grilles closed as with them open.
The only plausible explanation of this condition was that a large
amount of air returned beneath the doors to the first-floor grilles, and
that the resistance to air flow was less by this path than by way of
the upstairs return ducts.
Accordingly, observations were made with smoke fumes created
by means of ammonium hydroxide and hydrochloric acid placed in
separate dishes,* one dish being small enough to be set concentrically
in the larger dish, as shown in Fig. 32. The fluids were not mixed
but were separated from each other by the dishes. It was observed
*F. L. Fairbanks, "Dairy Stable Ventilation," Jour. A. S. H. and V. E., Vol. 34, No. 2,
p. 125, Feb., 1928.
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FIG. 33. SECTIONAL ELEVATION SHOWINa AIR CURRENTS IN ROOMS
that the flow of air was very rapid through the %-in. crack under
the door, and that air currents could actually be traced through the
upstairs door cracks, thence down the stairways, and through other
door clearances to grilles in the downstairs rooms. This demonstrated
that there was less resistance to air movement by other paths than
through the upstairs returns. The smoke studies are not quantitative,
but do afford a means of evaluating the velocity of air movement or
air change between rooms or under doors if so desired.
- These studies with smoke led to further conclusions as to the man-
ner of air distribution among the rooms. In Fig. 33 the air currents
observed in some of the rooms have been charted. As shown in Fig.
33, it has been observed that in all rooms the most pronounced move-
ment of air is toward the warm-air registers under the inductive action
of the stream of heated air emerging from the registers. Returns
located near the windows, although helpful, do not sufficiently interfere
with this movement toward the warm-air registers to prevent the
presence of a layer of cool air near the floor. As shown in Fig. 30,
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the numerous grilles of the Sixth Installation were somewhat more
effective in increasing floor temperatures than was the case in the
previous installations, but were not adequate.
Secondly, the smoke studies led to the conclusion that equaliza-
tion in temperature between the various rooms is partially accom-
plished by lateral air flow between rooms. Invariably the air was
observed to flow out of the warmer rooms at the tops of the doorways,
and cooler air returned to these rooms at the floor levels.
29. Conclusions.-The following conclusions may be drawn:
(1) In general, somewhat better room temperature conditions
may be obtained by returning the air from positions near the
cold walls.
(2) Friction and turbulence in elaborate return duct systems
retard the flow of air, and may seriously reduce furnace efficiency,
and lessen the advantages of such a design.
(3) The cross-sectional duct-area is not the only measure of
effectiveness. Friction and turbulence may operate to make the air
flow out of all proportion to the duct areas.
Because so many factors, such as wind velocity and direction,
amount of sun, snow on the roof, and others, affect the quantity of
fuel consumed, it was found impossible to show that the lowered
efficiency of the furnace with the later installations caused a greater
fuel consumption over an entire season. The fact that the heat radiated
from the furnace casing, smokepipe, and chimney is indirectly
available for heating the Residence further minimizes the effect of
reduced furnace efficiency. The final proof of a difference in overall
economy for the various installations would be a difference in the tem-
perature of the flue gases as discharged from the top of the chimney.
Such a difference in the flue-gas temperature is not evident from the
data, and it must be concluded that no substantial difference in the
overall economy of the systems existed.
VII. EFFECT OF SUNSHINE AND WIND ON HEATING CONDITIONS
(DAILY TESTS 30 TO 148 INC.)
30. Object of Study.-Obviously wind and sun have some effect
on the heat loss in residences; but a very limited amount of data for
evaluating the effect of wind and sun is available. By observing the
velocity of the wind and the hours of sunlight concurrently with the
temperature conditions in the Research Residence, it has been pos-
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sible to estimate approximately the effect of these two weather phe-
nomena.
31. Description of Method.-The average wind movement in miles
per hour for the 24-hour periods of the daily tests was obtained from
the local station of the U. S. Weather Bureau, and verified by estimate
of wind velocity made five times daily at the Research Residence. No
account of wind direction was taken in this study. As the wind
velocity determinations and other variable factors observed were not
sufficiently exact to justify close analysis, it was decided that two
general velocities, 5 and 10 miles per hour, would be considered. In-
spection showed that for those days on which the average wind veloc-
ity exceeded 7 miles per hour the average was 10 miles per hour,
and for the days on which the velocity was less than 7 miles per hour,
the average was 5 miles per hour.
Sunshine determinations were made by the sunshine recorder of the
Physics Department of the University of Illinois. As the functioning
of this instrument depends on the intensity of sunlight and its ad-
justment might be so delicate as to cause it to indicate partial sun-
shine during a hazy period, days of partial sunshine were neglected in
this study, and only days of no sunshine and days of approximately
8 hours of sunshine were included.
Attached to the under side of the copper shingles which cover the
roof of the Research Residence were four thermocouples located at
three points on the south face of the roof and one on the west face.
Temperature readings at these thermocouples varied greatly with the
position and intensity of the sun and with the outdoor temperature.
At three places in unfinished-attic or roof-gable spaces, adjacent
to the roof thermocouples, there were located thermocouples for ob-
taining the temperature of the air of these spaces. Simultaneously
with the taking of other data in the five daily observations readings
of these thermocouples were also taken.
32. Discussion and Conclusions.-The results are shown graphi-
cally in Figs. 34, 35, and 36.
The isolation of the effect of wind velocity was a relatively simple
process. By selecting the observations for those days on which there
was a maximum sunshine, and plotting the average register air tem-
perature for the house against the indoor-outdoor temperature differ-
ence, it may be observed that points corresponding to high and low
wind velocities are grouped in distinct zones, Fig. 34. Thus it is
possible to draw, through the points, lines representing the required
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FIG. 36. EFFECT OF SUNSHINE ON ATTIC AND ROOF TEMPERATURES
register air temperature for the 5-mile and 10-mile wind velocity
conditions. The upper part of Fig. 34 shows that with average sun-
shine and high wind a register air temperature of 110 deg. F. was
necessary to keep the house temperature up to 70 deg. F., but if low
wind velocities prevailed a register air temperature of about 106 deg.
F. was sufficient. Similarly, Fig. 35 shows that for cloudy weather
with high wind the average register air temperature would be 113
deg. F., and for low wind velocities 108 deg. F.
The points plotted for the curves of Figs. 34 and 35 are so widely
scattered that precise conclusions cannot be drawn. Other factors
than that of wind velocity, such as degree of dryness of the surfaces
of the building, direction of the wind, and fluctuations in register air
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temperature, affect the location of the points. However, the results
indicate that the increased heat loss of the building corresponding to
an increase in wind velocity from 5 to 10 miles per hour is such as
to require an increase of approximately 5 deg. F. in the register air
temperature necessary to maintain the same house temperature.
By translating the register air temperature curves of Fig. 34 into
terms of combustion rate or fuel consumption, using the performance
curves, Fig. 14, for the Research Residence installation, the lower
curves of Fig. 34 were derived. These curves show that in average
winter weather it was necessary to increase the fuel consumption rate
from 1.7 to 2.0 pounds burned per square foot of grate per hour to
compensate for an increase in wind velocity from 5 to 10 miles per
hour. This increase represents 17.5 per cent, or 2.5 per cent per mile
of wind velocity above 5 miles. For practical purposes the heat loss
may be assumed to vary directly with the combustion rate and the
conclusion is that the heat loss of the Residence increased 2.5 per cent
for each increase of 1 mile per hour in the wind velocity above 5 miles
per hour.
The separation of the sunshine effect from the wind velocity effect
is shown in the lower part of Fig. 35. Here the curves from the upper
parts of Figs. 34 and 35 have been superimposed on a common set of
coordinates. Since curves A and C represent the register air tempera-
ture for a condition of no sunshine and B and D the register air tem-
perature for full sunshine, a comparison of A with B or of C with D
indicates the effect of sunshine, other conditions being identical. Thus
a full eight hours of sunshine appears to have been responsible for a
reduction in the average daily register air temperature of 2 deg. F.
Expressing this difference in terms of combustion rate as in Fig. 34,
there is indicated a reduction of approximately 10 per cent in the
daily fuel consumption due to a full day of sunshine.
The effect of sunshine may be further observed in Fig. 35, in which
the temperatures of the shingles of the roof and of the unheated spaces
beneath the roof are plotted for the conditions of sunshine and no
sunshine. The following conclusions may be drawn from these curves:
(a) In coldest weather sunshine on the roof resulted in a 30
deg. F. increase in the temperature of the roof, and an 8 deg. F. in-
crease in temperature of the gable spaces.
(b) In mild weather (20 deg. F. indoor-outdoor difference) sun-
shine increased the roof temperature over 50 deg. F., and increased
the gable-space temperature about 12 deg. F.
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(c) Only in extremely cold weather was the flow of heat out-
ward through the roof when the sun was shining, and for weather
warmer than 17.5 deg. F. (indoor-outdoor difference 52.5 deg. F.)
the flow of heat was inward through the roof when the sun was
shining. This condition is shown by the intersection of the two
lines representing the roof temperature and the gable-space air
temperature for the sunshine condition.
(d) As might be expected the flow of heat during periods of
no sunshine was outward, the gable spaces being at higher tempera-
ture than the roof surfaces. In very cold weather this loss of heat
was accentuated by a wide difference between the two temper-
atures.
(e) The effect of sunshine on the heat loss of the Residence
is best shown by comparison of the temperatures of the gable
spaces for the sunshine and no sunshine conditions, respectively.
Thus in zero weather the heat transmission through the plaster
ceilings below these gable spaces would be reduced by the appli-
cation of the sun's rays to the roof, in the ratio of (75-49) to
(75-56), or 27 per cent. The temperature of the air lying against
the ceilings below the gable spaces would be approximately 75 deg.
F. in zero weather, and the values 49 and 56 may be observed to be
the gable-space temperatures for zero weather, Fig. 35. It is
evident, therefore, that during periods of sunshine the heat loss
from the ceilings of the Residence was lessened approximately 27
per cent, as compared with periods of no sunshine.
(f) The temperatures in the gable spaces as shown in Fig. 36
for coldest weather, and even for no sunshine, are 10 deg. F.
higher than the mean between the outdoor temperature and the
temperature of the air below the plastered ceiling, indicating that
for this residence the usual method of assuming an attic tempera-
ture equal to this mean would result in making the calculated
heat losses excessive.
A comparison of temperatures in the attic spaces in which an
insulating blanket was laid over the joists with those recorded
when no blanket was used showed that in coldest weather the use of
the insulating material resulted in a reduction of 5 or 6 deg. F. (see
Chapter XV) in the attic temperature. This reduction simply indi-
cates that the heat transmission through the ceiling and insulating
blanket was less than through the ceiling alone. It also indicates that
the temperature difference through the insulated ceiling was greater
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than through the uninsulated one, a condition which must be taken
into account in estimating the value of insulation materials. The
effect on the heating of the room is discussed in Chapter XV of this
bulletin.
The effect of sunshine on the heat loss from the side walls and glass
surfaces of the Residence was not determined* separately, as no tem-
perature observations have been made on these surfaces, or in the
studding spaces of the exterior walls.
VIII. FUEL CONSUMPTION AND ECONOMY WITH Six
VARIETIES OF SOLID FUEL
33. Object of Study.-A comparison of the relative efficiency, con-
sumption, and seasonal cost of the various classes of solid fuels used
in the Residence has been made. This comparison, using the data
from the daily tests, was based on sufficiently long periods of time,
with regular operation and attendance under a wide variety of weather
conditions, to show the effect of the various physical and chemical
characteristics of each of the fuels investigated.
34. Description of Procedure.-A description of the plant in use
during these tests, and of the testing procedure, has been given in
Chapter II. It is essential that the conditions under which the data
were obtained be understood, and the following are the principal con-
ditions. The Residence was heated day and night, with the exception
of one small room which was occupied at night, and from which the
heat was then closed off. An average temperature of 70 deg. F. at
the breathing level for the ten heated spaces was maintained with a
dual system of thermostats.t This control was adjusted to suit varying
weather conditions, so that variations from the mean temperature at
the control point in the Residence amounted to less than 1 deg. F.
With this method of control the dampers opened to admit air to the
fuel several times an hour, and combustion went on at a nearly uni-
form rate.
Fuel was fired four times in the 24-hour day. Each morning the
ashes and sufficient unburned coal were shaken through the grates
to leave a clean fuel bed at one-half the firepot depth as shown by a
definite mark on the firepot. From the weight of fuel fired and the
refuse withdrawn the daily fuel consumption was computed.
*Such studies are being made and will be reported in a later bulletin.
tSee Chapter XII.
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TABLE 14
PROXIMATE ANALYSES OF Six FUELS
Heat
Moisture Volatile Fixed Ash Sulphur Value
Fuel, as fired per cent per cent Carbon per cent per cent B.t.u.per cent per lb.
Anthracite........... 4.24 5.79 78.22 11.75 0.59 12 618
By-product coke...... 1.00 0.77 88.66 9.57 0.69 13 100
Bitum. (Ill., high ash). 8.86 36.07 42.18 12.89 4.10 11 178
Pocahontas .......... 1.77 17.84 75.24 5.15 0.59 14 836
Bitum. (Ill., low ash) . 8.40 32.00 50.89 8.71 0.72 11 881
Bitum. (E. Ky.)...... 1.76 37.10 53.96 7.18 1.13 13 698
In the case of soft coal all lumps were less than 6-inch, and were
fired together with all fines which resulted from breaking and handling.
The anthracite and coke were uniform in size and would pass a 3-
in. screen. In firing the soft coal some attempt was made to practise
the so-called alternate method, and to prevent the formation of holes
in the fuel bed. All fuels were delivered to the Residence without
wetting. Samples of each fuel were accumulated as the tests pro-
ceeded.
An inside chimney 12 in. by 12 in. by 35 ft. high, having a fire-
clay tile lining, with 8-in. brick walls, provided the draft. No check
draft opening was used. A cross damper was used to limit the draft
and the adjustment was such that no smoking occurred at the firedoor.
Proximate analyses of the six fuels fired are given in Table 14, and
it should be observed that they have widely different characteristics.
Results of the tests are given in Table 15.
35. Analysis of Results.-Inasmuch as weather conditions during
the tests were not controllable, and the rates of combustion varied
with the weather, the procedure shown in Columns 4, 5, and 6 of
Table 15 was followed to obtain an equable basis for comparing the
results.
Column 4 shows the temperature difference between the air inside
and that outside of the house. The values shown in this column are
proportional to the operating loads on the heater. These loads were
unequal. Column 5 shows the average combustion rate for the par-
ticular fuel and load, and for the particular number of daily tests
from Column 3. Column 6, obtained by dividing values of Column
5 by those of Column 4, shows the factors upon which the rela-
tive consumptions of fuel were based.
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This procedure is based on the assumption that the combustion rate
is directly proportional to the indoor-outdoor temperature difference
or heating load. Such an assumption would be mathematically cor-
rect only if the furnace efficiency were constant for all rates of com-
bustion and if the line expressing the relation between combustion rate
for each fuel and indoor-outdoor temperature difference passed through
the origin. However, the assumption of a straight line relation for
each fuel is sufficiently accurate for all practical purposes since a plot
similar to Fig. 13 indicated that a single straight line could be drawn
to represent the observed data with a fair degree of accuracy. Under
these conditions, the assumption can be justified and the values in
Column 6 were used for the computation of the values in Columns 8,
9, and 12.
Column 7 shows a conversion of the values of Column 6 from a
weight basis to one of calorific value. It may be used to compare
the fuels on the basis of thermal efficiency. The values show that
fuels for which the smallest number of heat units were expended in
heating the house were not the most economical fuels from the stand-
point of cost.
The overall thermal efficiency always deserves consideration in
residence heating, as with coke or anthracite coal it has been found
that the overall efficiency is approximately 90 per cent, or in other
words, the final chimney loss is only 10 per cent of the heat of the
fuel. With high volatile fuels the overall efficiency may be as low as
65 per cent, with 35 per cent of the heat of the fuel lost from the
chimney.
Column 8 shows the approximate combustion rate necessary to
heat the house to 70 deg. F. in zero weather. This rate has been
calculated for the different fuels, and agrees well with actual tests on
anthracite coal in zero weather, as shown in Fig. 13.
By using the values of Column 6 and a total seasonal heating load
of 6160 degree-days, the total seasonal tonnage shown in Column 9
was obtained. A seasonal load of 6160 degree-days is nearly normal
for the locality of the Research Residence, and inasmuch as it was
the actual seasonal load with the first winter's fuel, anthracite, the
consumption of each of the other fuels was calculated to the same
basis. The degree-day unit corresponds to a mean temperature differ-
ence between indoors and outdoors of 1 deg. F. prevailing for one day,
and the seasonal load, therefore, corresponds to the summation of the
indoor-outdoor temperature differences for all days of the season. This
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corresponds to the difference between an average indoor temperature
of 65 deg. F. and the average outdoor temperature for the heating
season multiplied by the number of days in the season.
The values in Column 9 are in the same order as those of Column
6, and express the fuel consumption in the usual commercial units.
From the tonnage and the unit cost (Col. 11) the relative cost of oper-
ation shown in Column 12 was obtained. Column 11 shows the ac-
tual local price paid for the fuels in the bin. These prices vary with
season and location, hence the values in Column 12 should not be
regarded as absolute. Different prices than those quoted might easily
effect a rearrangement of the values in Column 12.
The amount of ash handled with the six fuels is an important factor
affecting their relative values as house heating fuels. If the ash per-
centages of Table 14 are applied to the seasonal tonnages in Column
9 of Table 15, it will be found that the weights of ashes carried away
from the furnace, not accounting for coal which actually fell through
the grates, were as shown in Column 10.
36. Conclusions.-Table 15 shows that Pocahontas coal possessed
the greatest number of economical characteristics, such as least ton-
nage, least ash handling, and least cost. Soft coal, having the lowest
unit price, was not the cheapest coal for the season, and required
the greatest tonnage. This fuel, though unsatisfactory from the stand-
point of smoke, soot, ashes, and low thermal efficiency, has one ad-
vantage, namely, quick ignition with rapid acceleration of the fire.
Critical examination of the values in Table 15 shows that no one
chemical or physical characteristic of the fuels alone controls the
consumption; hence the curves shown in Fig. 37 have been plotted to
show the effect of the predominant characteristics with the heat value,
ash percentage, and volatile percentage as ordinates, and seasonal
tonnage as abscissas. These curves show certain tendencies, as fol-
lows:
(a) Tonnage decreases as the heat value
(b) Tonnage increases as the ash
(c) Tonnage increases as the volatile matter
These relations, however, when combined indicate that tonnage
varies directly as the product of ash and volatile matter divided by the
heat value. A fourth curve has been drawn combining these factors
and showing a more consistent relation than any of the other three
curves, so that it serves as an approximate measure of the tonnage
required for any fuel of known characteristics. Thus, for a fuel for
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FIG. 37. RELATION BETWEEN ASH, VOLATILE, AND HEATING VALUE AND THE
SEASONAL TONNAGE OF FUELS
which the fraction (ash times volatile matter divided by heat value)
equals 0.02, the weight required would be 11.9 tons. Expressed in
other words, the curve means that for minimum consumption fuels
having low values of the fraction are desirable. With this knowl-
edge, price may be combined with consumption in the intelligent selec-
tion of fuels for maximum economy in heating.
The curve may be further employed to approximate the consump-
tion of fuel in any given residence by proportioning the tonnage and
heat loss of the Research Residence (119 000 B.t.u. per hr. at zero deg.
F. and 15 miles per hour wind) to the heat loss of the residence in
question for the same weather conditions. Such comparisons must,
of necessity, take into account any dissimilarity in operating condi-
tions which may exist in the two cases.
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IX. RELATIVE HUMIDITY AND EVAPORATION WITH
THREE TYPES OF PANS
(DAILY TESTS 1-289 INC.)
37. Object of Study.-In the normal operation of the Research
Residence during the heating season, data were obtained on the rela-
tive humidity of the air and the evaporating capacities of three types
of water pans. These data have been used for the comparison of
the methods used and results obtained under actual house conditions.
38. Description of Testing Equipment.-The three types of equip-
ment employed in the tests, a typical low front evaporator, a dome-
type evaporator, and a base evaporator, are shown in Fig. 38. Tap
water containing a relatively small quantity of scaling ingredients,
about 17 grains of the carbonates of calcium and magnesium per
gallon of water, was used. Owing to the presence of free sodium car-
bonate, this water is self-purging when heated, merely forming a
loose sludge. In addition to this submerged sludge, a floating crust
was formed on the surface of the water as evaporation progressed.
The front pan was filled intermittently as evaporation proceeded,
hence the water level was not constant, and the surface exposed to air
was not constantly 92 sq. in., but sometimes was as low as 50 sq. in.
On the other hand, the dome and base pans were favored by having
constant surface exposures.
A wet-bulb and dry-bulb temperature recorder located in the
dining room near the house thermostat drew continuous charts from
which the mean wet-bulb and dry-bulb temperatures for each 24-hour
day were taken. This instrument was checked daily with a sling
psychrometer. The outdoor relative humidities were determined from
readings of a sling psychrometer and from observations of the local
Weather Bureau. The house was under thermostatic control at ap-
proximately 70 deg. F.
In the late fall months prior to the tests with the evaporators,
the house was under heat for periods of several weeks so that evapo-
ration from the materials of the building was reduced to a minimum,
and conditions of equilibrium were established.
39. Results and Conclusions.-The rate of evaporation depends
on the temperature and surface area of the water. Since the pans
receive all of their heat from the heating surfaces of the furnace,
it is evident that combustion rate and, therefore, indoor-outdoor tem-
perature difference are the principal factors affecting the rate of evapo-
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TABLE 16
EVAPORATION COEFFICIENTS FOR LOW-FRONT AND DOME PANS
Evaporation, gal. per 24 hr.Combustion Rate Evaporation per sq. in. water surfacelb. per sq. ft. of grate gal. per 24-hr. day per sq. in. heating surface
Hard Soft
Coal Coal Dome Front Dome Pan Front Pan
1 1.25 1.0 0.4 0.0000237 0.0000485
2 2.75 2.5 1.0 0.0000595 0.0001210
3 4.50 4.0 1.8 0.0000950 0.0002180
4 6.00 5.5 2.5 0.0001310 0.0003030
ration. The increase in temperature of, and the water vapor content of
the air which leaks into the house are also factors affecting the rela-
tive humidity. Hence evaporation and relative humidity indoors and
outdoors may be plotted as functions of the indoor-outdoor tempera-
ture difference, as has been done in Fig. 38.
The results indicate that the dome pan evaporated 2.25 times as
much water as the front pan, although it had only 67 per cent greater
surface area. Hence the relative value of a square inch of water
surface in the dome pan is 2.25 divided by 1.67, or 1.35 times as
great as a square inch in the front pan. This greater evaporating
capacity of the dome pan may be attributed to greater heating surface
amounting to 274 sq. in., as compared with 90 sq. in. of surface pre-
sented to the radiant heat of the castings by the front pan.
The base pan evaporated 3.5 times as much water as the front
pan and 1.5 times as much as the dome pan. Its water surface was,
respectively, 10 and 6 times as great as the water surfaces of the
front and dome pans. The highest water temperature observed in the
base pan was 120 deg. F. The pan produced the greatest evapora-
tion by reason of its great surface exposure rather than by the heat
energy received from the furnace castings. Obviously, the horizontal
movement of air over the surface of the water in the base pan in-
creased its evaporating capacity.
It is possible to derive an approximate coefficient of evaporation
for pans in two of the positions which may be useful in designing
water pans. In Table 16 such coefficients have been calculated for
several combustion rates in the operating range. This table could
not be extended to include coefficients for a base type of pan, as the
heating surface and the path of air travel over such a pan are in-
definite quantities.
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TABLE 17
WATER VAPOR REQUIRED TO MAINTAIN CONSTANT RELATIVE HUMIDITY
OF 40 PER CENT IN RESEARCH RESIDENCE
Based on one air change per hr.
Water Water
Water Vapor Water Vaporater for Vapor to be added
Outdoor* Indoor* Vapor 70 deg. F. per cu. ft. for eachOutdoor Rel. Rel. Indoors and Inleaking cu. ft.
Temp. Hum. Hum. lb. per 40 per cent Air, lb. Inlea ngdeg. F. per per cu. ft. Rel. Hum. (after Air, lb.
cent cent (at Indoors heating to (to maintain
70 deg. F.) lb. per 70 deg. F.) 40 per cent
cu. ft. at 70 deg. F.)
50 65 39 0.00045 0.00046 0.000368 0.00009240 72 32 0.00037 0.00046 0.000278 0.00018230 79 27 0.00031 0.00046 0.000203 0.00025720 86 23 0.00026 0.00046 0.000138 0.000322
10 92 21 0.00024 0.00046 0.000090 0.0003700 98 19 0.00022 0.00046 0.000057 0.000403
*From Fig. 38.
It should be noted that the front pan must receive radiant heat
from the very hot firepot and the dome pan from the top of the
dome of the furnace, if these coefficients are to be applied, and also
that the dome pan received some heat by conduction through the three
legs which supported it on the dome.
The relative humidities obtained in the house with the three pans,
and also the corresponding outdoor relative humidities, are shown in
Fig. 38. The spread of the plotted points was so great that it was
not possible to draw more than one curve or to show positively that
any of the three pans effectively increased the relative humidity above
that obtained without the use of the pans. The latter condition has
been designated by single open circle points in Fig. 38.
In Fig. 38 the relative humidities are shown to have been 18 per
cent in the coldest weather and 40 per cent in the mildest weather.
Eighteen per cent relative humidity is scarcely adequate for comfort
at 70 deg. F. dry-bulb temperature, but at 73 deg. F. dry-bulb tem-
perature 18 per cent is sufficient for comfort according to the researches
of the American Society of Heating and Ventilating Engineers.
The failure of the evaporating pans to raise the relative humidity
above the humidity which existed without evaporation indicates
that the inleakage of air into the house was very great, and that
to maintain a relative humidity of 40 per cent throughout the heating
season would necessitate the evaporation of large quantities of water.
Table 17, prepared from the curves of Fig. 38 and the hygrometric
tables,* shows the amount of water vapor required per cubic foot of
*G. A. Goodenough, "Properties of Steam and Ammonia."
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inleaking air if a relative humidity of 40 per cent were to be main-
tained indoors. From the table it may be observed that the water
vapor to be added to maintain 40 per cent relative humidity in the
coldest weather is nearly twice as great as the water vapor present
under the actual conditions of operation. Thus, if the inleakage
amounted to one air change per hour, or 16 120 cubic feet, the total
evaporation within the house to maintain 40 per cent relative humidity
would be 16 120 X 0.000403 - 6.5 lb. per hr., or approximately 18.7
gal. per 24-hr. day from all sources.
The adequate humidification of a residence in cold weather is
fully as dependent on preventing air inleakage as on evaporating
large quantities of water.
During the tests frosting of the window panes occurred only when
extreme cold followed suddenly after warm weather, when for brief
periods the temperature of the glass dropped below the dew point
of the water vapor then present in the air. Although a relative humid-
ity of 40 per cent, accompanied by dry-bulb temperatures lower than
70 deg. F., has proved to be advantageous from the standpoint of
comfort and of preservation of woodwork the problem of window
condensation becomes a practical obstacle. With single glass win-
dows and 40 per cent relative humidity condensation will occur when-
ever the temperature of the inside surface of the glass drops below
40 deg. F., and the outdoor temperature below 30 deg. F.* The con-
densation damages the woodwork around windows. Either the inner
glass temperature must be increased by means of double glazed win-
dows, or the relative humidity must be decreased if condensation on
the window surfaces is to be avoided.
X. EFFECT OF COLD-AIR RETURN CONNECTIONS ON AIR
TEMPERATURES AT FURNACE BONNET AND PIPES
(DAILY TESTS 73, 75, 77, 80, 83, and 160, 161, 164, 165, 166,
and 184, 186, 188, 191, 192)
40. Object of Study.-It has been observed that the arrangement
of cold-air returns about the furnace casing affects the temperature at
which the heated air enters the various pipes connected to the fur-
nace bonnet. This chapter consists of a discussion of this effect as
shown by three types of cold-air return constructions in the Research
Residence.
*See p. 143, "Investigation of Warm-Air Heating Systems," Univ. of Ill. Eng. Exp. Sta.
Bul. 141.
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41. Description of Installations Tested.-The Second Installation,
having one large return shoe at the rear of the furnace, as indicated
by the arrow in Fig. 39, and as shown in Fig. 20, and the Third In-
stallation, having three returns, as indicated by the dotted arrows
of Fig. 39, and as shown in detail in Fig. 6, were used in making a
comparison. A second comparison was made with the Third Installa-
tion with and without baffles or division plates between the three
cold air returns, as shown in Fig. 40. These separators were plain
pieces of galvanized iron 18 in. high extending from the outer casing to
the ashpit and firepot of the furnace, and spaced between the cold-
air shoes in such a way as to divide the base of the furnace casing
into three sectors, each supplied by a cold-air return.
For each of the three stated conditions five tests run under ap-
proximately the same weather condition, averaging 30 deg. F., were
selected and compared. Bonnet temperatures, or the temperatures at
which the air enters the various pipes, were used as indexes of the
effect under investigation, a high bonnet temperature indicating an
active and desirable condition.
42. Results and Conclusions.-The results are shown in Figs. 39
and 40, the radial lines indicating pipe positions, and the arrows indi-
cating cold-air return connections. Figure 39 indicates that:
(a) A higher air temperature area appeared over the point .of
entry of each cold-air return.
(b) A single return resulted in increasing the eccentricity of
the temperature diagram with adverse effect on the temperatures
near the furnace front, whereas the triple return produced a more
nearly concentric diagram with favorable effect on the forward
pipes.
(c) It is concluded, therefore, that a divided system of returns
produces a more nearly uniform air temperature distribution in
the furnace bonnet than a single return.
In Fig. 40 the results obtained with baffles are shown; the dotted
line, identical with the dotted line of Fig. 39, represents the bonnet
outlet temperature for the Third Installation with no baffles. From
Fig. 40 the following conclusions may be drawn:
(d) Above the point of junction of two streams of air entering
the casing from cold-air shoes the bonnet air temperature was de-
pressed, a condition which indicated that turbulence at this point
had retarded the flow of air over a localized portion of the heating
surfaces.
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(e) The use of the baffles resulted in a more nearly uniform
temperature diagram, presumably because the baffles reduced the
turbulence between the entering air streams.
(f) The average temperature at the eleven bonnet outlets was
the same in both cases, indicating that the motive head, and, there-
fore, the total air flow through the heating system, was not altered
by the addition of the baffles.
The results of these observations indicate the desirability of intro-
ducing the return air to the furnace casing, and of arranging the leader
pipes, so as to give the most nearly uniform air temperature distribu-
tion. Variations in the temperature loss in leader pipes, by reason
of variations in pipe lengths, combined with disadvantageous bonnet
temperatures, may act to seriously reduce the heating effect at some
registers and unbalance the operation of the system.
XI. WARMING RATE FROM A COLD STATE WITH A
FRESHLY KINDLED FIRE
(DAILY TEST 149)
43. Object of Study.-As a practical test of the performance of
the warm-air installation in bringing the Residence up to a comfortable
living temperature, a time-temperature study was made, starting with
a cold house and a cold furnace.
44. Description of Method.-The Second Installation in the Re-
search Residence was used in the test. This system had one large
return duct (854 sq. in.) with well designed angles and boot, eleven
pipes (832 sq. in.), and a cast-iron circular-radiator furnace having
a 23-in. grate and a 52-in. casing.
In order to duplicate the conditions in a house which has been
standing in freezing weather without artificial heat, the windows were
opened and the fire shaken down at 10:30 p. m., about ten hours be-
fore starting the test. At 8:15 a. m., after all windows had been
closed, the test was begun with the outdoor temperature at 29 deg. F.,
and the average temperature in the ten heated spaces of the house at
44 deg. F.
A fire was then kindled on clean grates, using 8 lb. of light crat-
ing wood and 25 lb. of Illinois soft coal of inferior quality,* and ob-
servations of room temperatures, register air temperatures, flue-gas
temperatures, velocity of air movement in the return duct, and the
draft were made at five-minute intervals.
*See Chapter VIII for analysis of this coal.
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FIG. 41. TEMPERATURE RECORDER CHART FOR WARMING-UP TEST
Experience has shown that a draft of more than 0.15 in. of water
cannot be expected from the average small residence chimney, and
therefore, a limit of 0.15 in. of water as the differential draft between
smokepipe and ashpit was set. Since combustion rate is dependent on
the draft available, this limitation of draft to 0.15 in. really became
the controlling factor in the rate at which heat was supplied to the
residence.
45. Results and Conclusions.-The entire record of the test is
shown graphically in Figs. 41 and 42, and little discussion is required.
Figure 41 is a reproduction of a temperature recorder chart taken in
the dining room. It shows that:
(1) In one hour and ten minutes the breathing-line air tem-
perature in this room had risen from 44 deg. F. to over 70 deg. F.
(2) The air temperature increase began promptly with the
starting of the fire and continued at a regular rate. Thus, a sen-
sation of increasing warmth was evident immediately after start-
ing the fire.
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FIG. 42. GRAPHICAL RECORD OF WARMING-UP TEST
A more detailed record of the test is shown in Fig. 42. Plotted
against the elapsed time in minutes are: (a) differential draft, (b)
register air temperature, (c) velocity of air flow, (d) average air tem-
perature in the ten heated spaces, (e) air temperature in return duct,
and (f) outdoor air temperature. The weight of coal fired and the
time of firing are also shown. From Fig. 42 the following observa-
tions may be made:
(1) Action was almost instantaneous. The average register air
temperature, the velocity of flow in the return duct, and the aver-
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age temperature at the breathing level, as indicated by curves B,
C, and D, started to increase within five minutes after lighting the
fire.
(2) The average breathing-line air temperature of all rooms
in the house did not reach 70 deg. F. until one hour and forty-
five minutes had elapsed. This difference from the time of one
hour and ten minutes shown in Fig. 42 was caused by closing off
the draft after one hour to prevent over-running 70 deg. F., at the
temperature recorded in the dining room. The closing was pre-
mature, as curve D shows that the heat energy stored in the fur-
nace castings and in the hot fuel at the end of one hour was not
sufficient to carry the house temperature up to 70 deg. F. and a
reopening of the draft door was necessary.
(3) Throughout the first hour the temperature of the air in
the return duct, curve E, was higher than the average temperature
in the room, curve D, but reference to the data shows that during
the same period all the rooms on the first floor were at a higher
temperature than the air in the return duct. This fact indicates
that the cold air from the upper rooms was not being returned to
the furnace at as great a rate as the cold air from the lower rooms.
(4) A register air temperature of approximately 200 deg. F.
was reached in the one-hour period before the house was satis-
factorily warmed. The average register air temperature required
for continuous operation for the same weather is only 105 deg. F.
By deducting from these two register air temperatures the corre-
sponding return air temperatures, it may be seen that the furnace
was capable of increasing the temperature in its passage through
the system 135 deg. F. as compared with 40 deg. F. during a period
of constant heating. This comparison shows the large reserve ca-
pacity available in such a heating system.
(5) The average differential draft throughout the test was
much less than the allowable draft limit of 0.15 in. of water and the
conclusion must be that if the maximum draft had been reached
and maintained the time required for heating would have been
much less.
XII. COMPARISON OF CONTROL WITH SINGLE AND DOUBLE
THERMOSTATIC SYSTEMS
(DAILY TESTS 86 AND 104)
46. Object of Study.-In the operation of the Research Residence
heating plant under thermostatic control it has been observed that
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FIG. 43. ROOM, REGISTER AIR, AND FLUE-GAS TEMPERATURE RECORDS
FOR SINGLE CONTROL
In reading the Register Air Temperature chart deduct 50 deg. F. from the chart figures.
with a single thermostat overheating of the furnace may occur. Only
by a dual system of thermostatic control can such a condition be im-
proved. Accordingly, tests of two systems of thermostatic damper
regulation were tried during the winter of 1925-26.
47. Description of Control Systems.-The two systems have been
termed the single and the double or dual systems. The former consisted
of a simple bimetallic thermostatic element mounted at the breath-
ing level at the control station in the dining room of the Residence.
This element closed the electric circuits through a motor which,
in turn, actuated the movements of the draft damper. The dual sys-
tem included the single system and in addition a second bimetallic ele-
ment located in the bonnet of the furnace where it was exposed to the
flow of warm air and to the radiant heat of the hot castings. The
second element functioned to close the draft dampers when a definite
temperature effect in the bonnet of the furnace'had been attained, even
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FIG. 44. ROOM, REGISTER AIR, AND FLUE-GAS TEMPERATURE RECORDS
FOR DUAL CONTROL
In reading the Register Air Temperature chart deduct 50 deg. F. from the chart figures.
though the circuit through the single element in the dining room was
such as to require an open draft. The wiring arrangement made im-
possible the opening of the draft unless the temperature in the furnace
was below the limit for which the second element was set.
No tests were made with manual operation. Tests with the single
thermostat were made only with hard coal, but the dual system was
used in tests of hard coal, soft coal, and coke. The firing procedure
was identical for the tests on which the comparisons were based.
The principal results are shown in the temperature recorder charts
of Figs. 43 and 44, which were taken from typical hard-coal tests,
numbers 86 and 104.
48. Conclusions.-In each of the illustrations, Figs. 43 and 44,
three actual recorder charts are reproduced, showing temperatures (1)
at the register in the dining room, (2) at a point in the smokepipe
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three feet beyond the furnace, and (3) at the control board near the
thermostat in the dining room.
It may be observed that the temperature fluctuations were much
more pronounced, and the time intervals between operations of the
draft control much greater in the case of the single system than in the
case of the dual system. The general conclusion to be drawn is that
the dual system maintains much closer or more nearly uniform tem-
perature regulation than the single system.
The outdoor temperature shown in both cases on the lower right-
hand chart was approximately 10 deg. F. For this condition the
average temperature ranges and time intervals were:
Average values of: Single Dual
Flue gas range, deg. F............................. 300-750 350-500
Register air temperature range, deg. F............... 120-170 135-140
Room air temperature range, deg. F................. 70-76 70-72
Time intervals between operations, hours........... 2.75 0.75
From the shape of the efficiency curves of the warm-air furnace
it is evident that during the periods of high combustion rates, which
produced the high temperature waves shown in Fig. 43, the furnace
efficiency must have been relatively low. It would appear, therefore,
that the relative economy shown in the heating of the house with the
two systems of regulation should favor the dual system. In Chapter
VIII, Table 15, it is shown that 9.7 tons of anthracite coal were re-
quired to heat the Residence 6160 deg.-days under dual control. Simi-
larly, it was found that with the single thermostatic control the
consumption of fuel was 10.1 tons. Thus the economy of the dual
system is not more than 4 per cent greater than that of the single
system.
As a further indication of the economy of the dual system it may
be noted that for the two tests referred to in this chapter the average
flue-gas temperatures were 402 deg. F. for the single control test and
355 deg. F. for the dual control test. Much of the heat of the gases
was retained in the house as these temperatures were reduced in the
passage of the gases through the smoke pipe and chimney, and the
net economy has been shown to have been about 4 per cent in favor
of the dual system.
In the case of soft-coal operation the fluctuations in the house
temperature were greater than with the hard coal, indicating that the
secondary thermostat was not sensitive enough to immediately check
combustion and reduce the temperature of the fuel bed. However,
the variations of 3 to 4 deg. F. in house temperature during soft-coal
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operation with dual control were less than the variations during
hard-coal operation with single control. This fact indicates that even
with the rapidity of combustion of soft-coal fires the dual system was
effective.
Since the dual system of temperature control is more effective than
the single system in eliminating excessively high temperature peaks
in the bonnet and combustion space, it is obvious that the furnace
itself is subjected to lower and more nearly uniform temperatures,
resulting in better operating conditions and probably longer life for
the equipment.
XIII. COMPARISON OF SINGLE AND DOUBLE WALL STACKS
(DAILY TESTS 84-120 INc.)
49. Object of Study.-The Research Residence tests furnish data
on which to make comparisons of the relative value of single and
double wall stack construction in furnace heating systems. All com-
parisons made previously have been based on data obtained in the
laboratory testing plants with stacks exposed, or with stacks housed
to represent typical installation.*
50. Description of Stacks.-In the Residence two stacks running
to the third-story rooms are of the same height (25 ft. above grate
level) and internal dimensions (3 in. by 10 in.). The stack to the
west dormitory is of double construction and the stack to the east
dormitory is of single construction. Both have 8-in. by 10-in. registers,
and 8-in. diameter leader pipes of approximately equivalent length.
The leader to the west dormitory consists of two feet of straight pipe
and two elbows ahead of the boot, whereas the leader to the east
dormitory has four feet of straight pipe and one elbow.
Air temperature measurements were made at the register throat
and at the base of the stack proper, and air velocity measurements
at the register faces. The comparison of the two stacks was based
on these measurements.
51. Results and Conclusions.-Graphical results are shown in Figs.
45, 46, and 47.
The curves of Fig. 45 show that for a given temperature at the
base of the stack, the double stack delivered air at a slightly higher
temperature. Under the heaviest heating load, in coldest weather, the
*See also "Investigation of Warm-Air Furnaces and Heating Systems, Part II," Univ.
of Ill. Eng. Exp. Sta. Bul. 141, p. 116.
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difference was about 3 deg. F., the register air temperature being
higher for the double stack.
As the air was returning to the furnace at approximately 65 deg. F.,
the advantage of the double stack was, in cold weather, approximately
3 deg. F. in a rise of 75 deg. F., or 4 per cent. At lower operating
temperatures a difference in the temperatures was scarcely detectable.
The spread of points along the upper curve of Fig. 45 shows that
no distinguishable difference existed in the weights of air delivered by
the two pipes. This may be explained on the basis that the extra
elbow in the leader pipe for the double stack may have offered greater
resistance to air flow than did the extra length of straight pipe in the
case of the single stack. Hence the additional motive head resulting
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from the slightly greater temperature of the air in the double stack
was not sufficient to offset the additional resistance of the extra elbow.
Had the resistances been exactly equal, the performance of the double
stack would probably have appeared slightly better.
The data shown in Fig. 45 have been used to calculate the actual
heating effect at the registers and the efficiency of the two stacks, as
shown in Figs. 46 and 47. Figure 46 shows the heating effect and the
efficiency of the two stacks for various temperatures at the boots.
The curves show that for a given temperature at the boot the double
stack produced a greater heating effect at the register and operated
at higher efficiency than the single stack. Figure 47 is a similar com-
parison based on the register air temperature, and it shows that for
a given register air temperature the single stack, by reason of higher
mean temperature or motive head, produced a greater heating effect
at the register, but operated at lower efficiency.
The heat which escaped from either of the stacks was not lost but
was useful indirectly in maintaining the house temperature, as has
been stated in Chapter V.
In Bulletin No. 141 it was pointed out that, if the single stack
dimensions were the same as those of the external walls of the double
stack, its heating capacity would exceed that of the double stack. In
the case of the 3-in. by 10-in. stacks used in this comparison, such
a construction would result in an increase of 8.5 sq. in. or 29 per cent,
in area. With this much additional area it has been shown on page
115 in Bulletin No. 141 that the single stack would overcome the
advantage of 4 per cent held by the double stack.
XIV. EFFECT OF INSULATING A LONG LEADER PIPE
(SPECIAL TESTS 1-6 INC., AND DAILY TESTS Nos. 32, 35, 37, 38, 41, 42,
43, 44, 47, 48, 49, and 50)
52. Object of Study.-In tests made on the furnace testing plant in
the Laboratory it was found that the use of effective commercial insu-
lation on the leader pipes appeared to reduce rather than to increase
the capacity of the plant. In Bulletin No. 141, pp. 106-113, it was
shown that, if equal register air temperatures existed, the system with
insulated pipes would operate at a lower mean temperature, or motive
head. It, therefore, seems desirable to present additional data on
insulated pipe tests obtained under normal operating conditions in
the Research Residence.
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TABLE 18
EFFECT ON ROOM TEMPERATURE OF INSULATING LEADER PIPE
Temperature-deg. F. Bare Insulated
Pipe Pipe
Outdoors ... ........................................ 36.6 40.5
At Therm ostat ....................................... 70.0 70.6
Floor................................................ 64.1 64.6
Breathing Level...................................... 67.2 67.7
Ceiling .............................................. 68.6 68.9
66.6 67.1
Difference between thermostatic control temperature and
temperature in the room, deg. F.................... 3.4 3.5
53. Description of Leader Pipe and Insulation.-Only one pipe,
the longest in the Research Residence installation, supplying a north-
west second-story room, was insulated. This pipe was 10 in. in diam-
eter, 13 ft. in length, and had one 45-deg. elbow 3 ft. from the boot.
The leader pipe sloped one inch per foot and was connected to a
stack 5% in. by 13 in., inside, of double wall construction.
The insulation consisted of two thicknesses of %-in. corrugated,
or air-cell, asbestos paper. Bulletin No. 120, p. 118, shows this to
be a good insulation with an emissivity coefficient of approximately
0.90 B.t.u. per sq. ft. per deg. F. per hour as compared with an emis-
sivity coefficient of 1.28 for the bare bright tin. The rest of the
leader pipes in this plant were left unchanged and were not covered
with asbestos paper. The comparison is, therefore, between a bare tin
pipe and the same pipe insulated as described. Readings taken with a
thermocouple located 6.75 ft. from the boot showed a drop in tempera-
ture averaging 1.5 deg. F. per ft. for the bare tin pipe and 1.0 deg. F.
per ft. for the insulated pipe.
54. Results.-Readings of thermometers at floor, breathing level,
and ceiling in the room served showed no increase in temperature in
the room supplied by the insulated leader pipe when the average room
temperatures in the two cases were referred to the main house control
temperature in the dining room. This information is shown in Table 18.
The data show that even with a warmer atmospheric temperature
outdoors the room temperature was no nearer the temperature at the
control point when the pipe was insulated than when the pipe was
bare.
The results of a study of conditions at the register and in the heat-
ing system itself, exclusive of the effect on room temperatures, are
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presented in Figs. 48 and 49. Four different comparisons are made,
all tending to confirm the conclusion drawn in Bulletin No. 141, pp.
106-113, that insulation of the leader pipes does not effectively increase
the heat delivered by the pipe.
In Fig. 49 with the difference between the outside and inside tem-
peratures as a basis, register air temperature, heat delivered at the
register, and air weight handled by the pipe were plotted for the in-
sulated and the non-insulated conditions. The curves show that with
the same demand for heat, that is, with the same indoor-outdoor tem-
perature difference, the insulated pipe was less effective in delivering
heat, weight of air, and in maintaining high register air temperatures.
Apparently at low temperature differences, that is, for outdoor temper-
atures of 40 deg. F. or higher, there was some advantage in favor
of the insulated pipe.
In Fig. 48 the heat delivering capacities of the pipe are shown
plotted on the basis of register air temperature. Little distinction
can be drawn between the capacities of the insulated pipe and the
uninsulated pipe, although it appears that the bare pipe has the greater
heating capacity.
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XV. VALUE OF CEILING INSULATION
(DAILY TESTS 131-139 and 142-145)
55. Object of Study.-Structural conditions frequently limit the
size of the wall stack and make the problem of heating certain rooms
a difficult one. This chapter shows the results obtained when the heat
loss from a ceiling was reduced by insulation in an effort to make the
heating capacity of the wall stack adequate.
56. Description of Insulation.-The northwest bedroom, Fig. 4,
was used for the comparison. This room is exposed to the weather
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on three sides and has an unheated attic space above. The leader pipe
supplying this room was the longest in the system, approximately 13
ft., 10 in. in diameter, and connected to a double wall stack 5% in.
by 13 in. in cross-section. Details of the installation with which the
tests were made are shown in Fig. 6.
For insulation, two thicknesses of commercial quilting were
stretched over the top of the floor joists in the attic, and carefully
fitted in place between the studs around the walls. The insulating
quilt consisted of a fibrous material compressed between two paper
faces. Each layer was approximately % in. thick, and two layers
were used. There was no flooring in the attic.
57. Results.-With the Residence heating plant operating under
thermostatic control, and without adjustment of pipe dampers, it was
found that the northwest bedroom was the coldest room. This may
be observed in Table 19. With the outdoor temperature at 29 deg.
F. and the temperature at the control station in the dining room at
71.2 deg. F., the breathing-line temperature in the northwest bed-
room was 67.9 deg. F. This temperature was 3.3 deg. F. below the
control station temperature of 71.2 deg. F. and 2.7 deg. F. below the
average breathing-line temperature for all rooms.
After covering the attic joists with the quilted insulation, consisting
of two layers each % in. thick, the results shown in Table 20 were
obtained. The same temperature, 71.2 deg. F. at the control station,
was maintained. The outdoor temperature was 23.4 deg. F. or 5.6
deg. F. colder than shown in Table 19. The breathing-line tempera-
ture in the northwest bedroom was 69.9 deg. F., or only 1.3 deg. F.
below the control station temperature and 1.1 deg. F. below the aver-
age breathing-line temperature for all rooms.
The very common practice of comparing the heat loss from insula-
ted ceilings or floors with that from uninsulated ceilings or floors on
the basis of the heat transmission coefficients before and after insula-
tion is most misleading. For example, in the case in question where
two 1 in. thick layers of quilted insulation were used, the heat saving
was by no means as great as the difference in heat transmission co-
efficients alone would indicate.
The reason is perfectly obvious when a comparison of the air
temperatures above and below the ceiling is made for the two condi-
tions. Thus, for outdoor temperatures between zero and 10 deg. F.,
before insulating, the temperature difference air to air was 21.6 deg.
F., but after insulating, the temperature difference air to air was
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33.633.6 deg. F., or in the ratio of = 1.64. Hence, unless the ratio of21.6
the coefficients of heat transmission was greater than 1.64 in this case,
there would have been no saving in heat by insulating. The computed
0.502
transmission coefficients for this ceiling were in the ratio of-0.149
or 3.37, so that a definite saving in heat loss resulted, raising the air
temperature throughout the room.
In conclusion, it should be pointed out that the illustration here
presented is a very conservative statement of the case as the tempera-
ture ratio is low on account of the fact that only that part of the
attic floor directly over the northwest bedroom was insulated, result-
ing in a higher temperature in the attic after insulation than would
otherwise have been the case.
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Bulletin No. 177. Embrittlement of Boiler Plate, by Samuel W. Parr and
Frederick G. Straub. 1928. Forty cents.
*Bulletin No. 178. Tests on the Hydraulics and Pneumatics of House Plumb-
ing. Part II, by Harold E. Babbitt. 1928. Thirty-five cents.
Bulletin No. 179. An Investigation of Checkerbrick for Carbureters of
Water-gas Machines, by C. W. Parmelee, A. E. R. Westman, and W. H. Pfeiffer.
Fifty cents.
Bulletin No.180. The Classification of Coal, by Samuel W. Parr. 1928.
Thirty-five cents.
Bulletin No.181. The Thermal Expansion of Fireclay Bricks, by Albert E.
R. Westman. 1928.
*Bulletin No. 182. Flow of Brine in Pipes, by Richard E. Gould and Marion
I. Levy. 1928. Fifteen cents.
Circular No. 17. A Laboratory Furnace for Testing Resistance of Firebrick
to Slag Erosion, by Ralph K. Hursh and Chester E. Grigsby. 1928. Fifteen cents.
*Bulletin No. 183. Tests of the Fatigue Strength of Steam Turbine Blade
Shapes, by Herbert F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1928.
Twenty-five cents.
*Bulletin No. 184. The Measurement of Air Quantities and Energy Losses
in Mine Entries. Part III, by Alfred C. Callen and Cloyde M. Smith. 1928.
Thirty-five cents.
*Bulletin No. 185. A Study of the Failure of Concrete Under Combined
Compressive Stresses, by Frank E. Richart, Anton Brandtzaeg, and Rex L.
Brown. 1928. Fifty-five cents.
*Bulletin No. 186. Heat Transfer in Ammonia Condensers. Part II, by Alonzo
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1928. Twenty cents.
*Bulletin No. 187. The Surface Tension of Molten Metals. Part II, by
Earl E. Libman. 1928. Fifteen cents.
*Bulletin No. 188. Investigation of Warm-air Furnaces and Heating Sys-
tems. Part III, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day.
1928. Forty-five cents.
*Bulletin No. 189. Investigation of Warm-air Furnaces and Heating Systems.
Part IV, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 1929.
Sixty cents.
*A limited number of copies of the bulletins starred are available for free distribution.
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